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1 . IHTRQSIJCTIOI 

Tbtt  Lif*  CyoX#  Cost  Task  Group  of  tho  Joint  Sorrioos  Bntn  Exotaango  for 
Inartinl  Syataaa  not  at  tho  Gatanaraa  Botal»  Saa  Blago,  California  on 
24*26  February  1976*  Voricing  aeaaiona  on  Tuaaday  and  Ttaufaday  vara 
devoted  ezoluaively  to  final  raviaiona  to  tha  Uaara*  Hanual  vhieh 
Mcoapanlea  the  model  vhioh  haa  been  developed  by  the  Tank  Group*  Tha 
Fapera  Seaaiony  held  on  Wednesday « February  23 t aas  vail  attended  by 
a nunber  of  people  not  regularly  connected  with  the  Taak  Group*  Section 
3 of  these  Proceedings  contains  the  papers  idiioh  vers  presented  to  the 
extent  they  vere  available  at  the  time  of  publication* 

2*  WQRKHG  GROUP  REPORTS 
• 

Kleth  Gibson  of  Autonetios  reported  on  hia  progress  with  prograaning 
tha  model  and  presentad  a revised  basic  flow  diagram*  The  revisions 
are  related  principally  to  the  order  of  aoououlatlon  (i.e*  suoMriz- 
ation)  of  costs  and  to  the  processing  of  the  input*  The  former  change 
was  made  to  simpuy  programming*  the  latter  to  make  it  easier  for  the 
user  to  o^e  sequential  xruns  with  minor  data  variations* 

All  control  coding  has  now  been  completed  as  has  the  coding  of  all  basic 
equations*  Some  intermediate  equations  were  incomplete  pending  further 
discussion  by  the  Task  Group  as  a whole* 

The  Output  Report  Program  was  prepared  by  AFBRL  personnel  through  arrange- 
ments made  by  Mrs*  Freda  Kurtz  of  AFAL*  It  was  noted  that  some  revisions 
to  these  programs  will  be  necessary  but  that  the  programmers  will  be 
available* 
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Kieth  r«port«d  that  tha  modal  would  ba  zaady  for  taating  during  April  1976 
and  arraneaoanta  wara  nada  for  tha  Maatar  Daok  to  ba  duplioatad  undar  tha 
diraotion  of  Mrs.  Kurts  and  dlatrlbutad  to  Sobart  idol  (lorttarop  Elaotroxv- 
ios),  Robart  Baach  (Yought  Systaas),  Vllllaa  Coloord  (Laax^la^ar), 

Ron  RaBurkarta  (Collina  Radio)  and  JaMS  TSylor  (Hooajwall)  for  aval- 
uation*  Riatribution  will  ba  limitad  to  thaaa  organlsatloina  until  taat» 
ing  la  oca^lata. 

Prooaduraa  for  furthar  distribution  of  tha  modal  wara  tha  subjaot  of 
oonsldexabla  dlaouaalon*  All  affort  up  to  tha  praaant  has  baan  tha  ra- 
ault  of  voluntary  eontirbutions  on  tha  part  of  individuals  and  thalr 
organizations*  Hbwavar,  it  was  fait  that  if  tha  modal  should  raoaiva 
tha  dasirad  lavel  of  usa*  tha  costs  of  duplioation  and  would  ba 

too  burdansoma  for  one  organisation  to  assuma*  Savaral  suggastions  wara 
offared  with  two  appearing  to  hava  maritt 

1*  Provida  only  a source  daok  listing  and  tha  Users* 

Manual  through  the  Rafansa  Rooumantation  Cantar^ 
requiring  tha  user  to  punch  his  own  cards* 

2*  Stock  a central  location  with  a small  number  of  decks 
and  program  listings*  Users  would  duplicate  this  smtar- 
ial  at  thair  own  facility  and  return  tha  originals 
to  tha  central  location*  If  tha  central  office  wara  a 
allltaxy  organisation  having  "franking"  prlvilagas, 
costs  of  postage  would  ba  allainatad* 

Additional  suggastions  ftrom  potential  users  would  be  walcoma*  They 
may  be  addressed  tot 

Russell  B*  Stauffer 
J & R Associates 
Box  38 

Jackson,  N*H*  05846 

Some  concern  was  also  expressed  over  tha  control  of  changes  to  tha  modal* 

[ A basic  purpose  in  tha  design  was  to  create  a "standard"  equally  acoapt- 
abla  to  aanufacturamsy  tha  aosdamio/rasaaroh  oonminity  and  tha  Govammant* 
If  organizations  begin  making  uncontrolled  changes,  there  will  soon  ba 
numerous  variants  and  tha  "staadsrdisation"  will  hava  baan  lost*  Tha 
need  for  a formal  "Change  Control  Frooadura"  is  avldant  but  appropriate 
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techniques  for  its  iapleoentation  oust  still  be  dereloped 
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A third  area  of  disouaslon  oaiiterad  on  the  procedures  to  be  followed 
in  gaining  acceptance  of  the  nodel  as  a standard  for  inertial  sgrsteaui« 

It  is  currently  planned  that  the  Sumer  1976  meting  of  the  LCC  Tmak. 
Group  will  be  devoted  to  a discussion  of  these  three  topies  and  genes^ 
ation  of  reo emendations  for  thier  i^plemntation* 

The  Spring  19~6  meeting  will  be  United  in  attendance  to  those  idie  have 
participated  actively  in  the  writing  of  the  Users'  Manual  and  will 
be  devoted  to  the  final  editing  of  that  docanent*  That  nesting  is 
scheduled  for  Konday«  May  17  in  the  Dayton  fOhio  area*  The  specific 
location  will  be  announced  later* 
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of  Life  Cycle  Projection" 

11:00 

“iMBA  - Design  to  Life  Cycle 
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3*  INVITED  PAPERS 


This  section  contains  the  text  and  slides  of  the  presentations  aade 
on  Wednesday,  February  25,  1976  at  the  Winter  meeting  of  the  LCC 
Task  Group  of  the  JSBE/lS* 


They  are  presented  in  the  same  order  as  they  appeared  on  the  agenda, 
separated  by  biographical  sketches  of  the  authors  where  they  were  avail< 


Jaoecf  J.  larkln  NARF,  North  Island  HAS 
BSEE  from  n«I«T*  in  I946 

Mathwnatician  at  Douglas  Aircraft  Co*  1947**48 
Research  eleotlrcal  engineer  at  Rand  Corp.  1948-51 

Recaifled  to  active  duty  in  the  Amor  in  1951*  Military  service  included 
project  management , of  service  tests  of  Nike  Hercules  surfaoe-to>Hdr 
missile  systems  at  White  Sands,  N.M.,  Eglln  AFB,  FL  and  artio  tests  at 
Ft*  Churchill,  Canada,  and  a variety  of  other  technically  oriented 
conmand'aqd  ^taff  assignments  in  air  defense  and  nuclear  weapons* 

Retired  in  1972  with  grade  of  colonel* 

Avionics  and  Components  Division,  Engineering  Dept*,  NARF,  North  Island 
from  1973  to  the  present*  Cxurrently  assigned  Project  Manager  of 
AN/APN— 141  radar  , altimeter  Reliability  Improvement  Warranty  (RIW) 
program  called  Project  Rampart* 
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RT-601B/APN-141  RIW  LIFE  CYCLE  NET  COST  SAVINGS 


Captain  Dwight  E.  Collins  is  a member  of  the  Joint  ASBC/AH/J  Working 
Croup  on  Life  Cycle  Cost  and  has  been  active  in  couseling  students 
at  the  Air  Force  Institute  of  Technology. 


He  hold  a Ph,  D,  in  Operations  Research  from  Cornell  University, 


A Monte  Carlo  Risk  Analysis 
of  Life  Cycle  Cost  Prediction 

by 

Capt  Dwight  E.  Collins 
Joint  AFSC/AFLC  Commanders'  Working  Group 
on  Life  Cycle  Cost 

In 'recent  years,  several  Air  Force  procurements  have  made  use  of 

■»*  » 

a contytac^ual  commitment  with  respect  to  supportablllty  aa  a means  of 
reducing  ’equipment  life  cycle  costs.  Such  a commitment  Is  typically 
called  a logistic  support  cost  commitment.  It  usually  involves 
(1)  the  development  of  a target  logistic  support  cost  which  Is* 
Incorporated  In  the  production  contract  and  (2)  the  structuring  of  a 
field  test  procedure  by  which  a representative  sample  of  field 
logistic  support  costs  Is  collected  and  compared  to  the  target.  It 
may  also  Include  Instructions  for  exercising  award  fee  provisions  or 
correction  of  deficiency  provisions  as  a function  of  whether  the 
sample  of  field  logistic  support  costs  underruns  or  overruns  the 
target . 

Capt  Collins  reported  on  a Masters  thesis  recently  completed  in 
the  Air  Force  Institute  of  Technology  School  of  Engineering  that 
analyzed  the  statistical  risks  inherent  In  the  logistic  support  cost 
commitment.*  The  thesis  examines  the  logistic  support  cost  commitment 
In  the  production  .contract  for  the  F-16  aircraft  and  uses  a simulation 
procedure  to  estimate  the  statistical  risks  to  the  government  and  the 
contractor  that  are  reflected  In  this  provision.  It  also  discusses 
the  sources  of  risk  and  examines  the  Impact  of  varying  field  test 
length  on  risk. 

Capt  Collins  Is  doing  further  research  in  this  area  and 
documentation  of  his  results  will  be  available  by  July  1976. 

Copies  of  most  of  the  briefing  charts  used  by  Capt  Collins  appear 
below. 


* "A  Monte  Carlo  Risk  Analysis  of  Life  Cycle  Cost  Prediction," 
Capt  Samuel  B.  Graves,  Department  of  Systems  Management  (AFIT/ENS) , 
School  of  Engineering,  Air  Force  Institute  of  Technology,  Wrlght- 
Patterson  AFB,  Ohio  45433.  Further  inquiries  about  this  thesis 
should  be  directed  to  AFIT/ENS  (513/2S5>5758) . 
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SIMPLIFIED  LOGISTICS  SUPPORT  COST  MODEL 
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APPLICABLE 


VALUE  OF  SINGLE 
OBSERVATION  OF  ML 


Bill  Va^er  is  Design  Assurance  Manager  at  Teledyne  CAE  directing 
engineering  effort  for  reliability  and  other  system  disciplines. 

He  was  nineteen  years  in  the  aircraft  equipment  industries  with  com- 
paniessuch  as  Teledyne,  Fairchild,  Grumman,  Sperry  and  Arinc  Research. 

He  is  a member  of  the  ASQC,  IEEE  and  SAB.  His  B.S.  was  earned  at 
Adelnhi  U.  He  is  a registered  professional  engineer  in  California. 
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Report  No.  1473 


FAILURE  MODE  EFFECT  ANALYSIS  IN  DESIGN 
TO  LIFE  CYCLE  COST  OF  GAS  TURBINE  ENGINES 


William  Q . Wagner 
Teledyne  CAE 
Toledo,  Ohio 


Office  of  the  Secretary  of  Defense  (OSD) 
Seminar  on  Engine  Design  and  Life  Cycle  Cost 
Naval  Air  Development  Center 
Warminster,  Pennsylvania 
November  19-20,  1975 
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Tcledyn*  CAE 
Report  No.  1473 


"FMEA  IN  DESIGN-TO-LCC  OF  GAS  TURBINE  ENGINES" 

WllUaia  Q.  Wagner 
Manager,  Design  Assurance 
Teledyne  CAE 
Toledo.  Ohio 


ABSTRACT 

This  paper  presents  an  approach  to  a most  difficult  yet  potentially  rewarding 
task  in  life  cycle  cost  analysis  of  gas  turbine  engines:  identifying  the  main- 

tenance cost  consequences  of  design  decisions.  The  technique  involves  the 
use  of  a failure  mode  effect  analysis  (FMEA) , with  consequences  extended  to 
consideration  of  non-fault  initiated  events  including  scheduled  maintenance. 

The  FMEA  is  in  widespread  use  and  this  paper  orients  it  to  the  of  a 

small  flying  gas  turbine  engine  - in  a utility /trainer  application.  Also,  since 
useful  analysis  of  maintenance  cost  is  not  likely  to  be  successful  in  "free-space" 
this  paper  reviews  a system  level  LCC  analysis  technique  - of  which  the  FMEA 
is  a necessary  subroutine. 

Costs  of  engine  ownership  are  also  sensitive  to  the  aircraft's  mission  and  engine 
mounting  provisions  - so  these  details  are  postulated  for  a typical  application. 

The  end  objective  of  engine  LCC  analysis  lies  in  identifying  the  cost  consequences 
of  an  engine  design  (be  they  maintenance  or  other);  challenging  these  costs  with 
design  controllable  iterations;  and  thereby  reducing  them  to  a customer  recognized 
optimum.  To  that  end  some  examples  of  prospective  maintenance-cost-impacting 
design  changes  are  furnished. 


INTRODUCTION 

The  Department  of  Defense  has  clearly  announced  its  intention  to  consider  the 
comparative  1^  cycle  costs  (LCC)  of  candidate  equipments  for  defense  procurement. 
DOD  Directive  5000.28(1)  establishes  policy  and  guidance  for  across-the-board  use 
in  systems  acquisition.  The  invitation  to  this  seminar  confirms  that  the  gas  turbine 
propulsion  e^j^e  will  be  included  in  the  list  of  LCC-considered  items. 

DOD  is  perhaps- the  major  buyer  of  gas  turbine  engines  and  is  certainly  the 
major  sponsor  of  advances  in  their  technology.  So,  as  engine  developers  and 
producers,  it  behooves  us  to:  acknowledge  the  trend  to  increasing  rigor  in 

our  customers'  LCC  analysis;  acquire  understanding  of  his  cost-of-engine- 
ownership  problem;  and  respond  with  engine  designs  having  advantageous 
benefit-cost  ratios. 
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INTRODUCTION  (Cont'd) 

In  that  regard,  two  realitiea  of  the  gaa  turbine  propulsion  engine's  development 
and  acquisition  cycle  are  worth  citing  because  they  should  Impact  the  engine 
manufacturers'  approach  to  LCC. 

The  first  concerns  the  relationship  of  cost  to  other  design  parameters, 
performance,  weight,  reliability,  and  serviceability.  Heretofore,  these  tended 
to  be  separately  addressed  and  evaluated  in  the  engine  design  process.  Thrust, 
thrust  to  weight,  and  SFC  were  of  interest  to  the  performance  specialists  of  the 
buyer  and  seller;  while  reliability,  cost,  and  logistics  aspects  were  often  treated 
in  separate  and  unrelated  evaluations. 

However,  Reference  makes  a good  point  that: 

"One  of  the  interfaces  at  which  these  approaches  often  converge  is 
their  common  involvement  with  the  logistic  support  of  operating  systems, 
the  costing  of  which  through  LCC  forces  these  programs  into  a balanced 
relationship." 

« 

A second  reality  of  life  in  engine  development,  shown  in  Figure  1,  is  the  time 
in  an  engine's  life  cycle  at  which  it  comes  under  the  buyer's  cost-benefit  scrutiny. 
One  source  suggests  that  DOD  and  its  agencies  will  evaluate  the  LCC  advant- 
ages of  competing  engines  after  eighty-five  percent  of  their  design  fo  frozen. 
Moreover,  a OOD-accomplished  LCC  analysis  will  not  employ  (or  have  available) 
the  time  and  resources  necessary  to  iterate  designs  of  competing  engines  for 
cost-benefit  optimizing  purposes. 

The  following  import  of  these  realities  is  offered: 

(1)  Engine  designers  and  developers  should  acquire  and  use  techniques 
for  cost-optimizing  engine  designs  that  address  the  full  spectrum  of 
ownership  costs. 

(2)  Prospective  engine  designs  should  be  evaluated  and  designed  for 
their  cost  benefit  advantages  well  before  they  are  committed  to  the 
buyer's  final  selection  process. 
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LCC  IN  THE  ENGINE  DESIGN  PROCESS 

The  elements  and  available  data  for  an  engine  LCC  analysis  depend  of  necessity, 
on  its  location  within  the  sequence  of  other  events  and  opportunities  for  analysis 
in  the  engine  design  process.  It.  is  not  likely  to  be  done  usefully  in  "free-space" , 
because  too  many  of  the  necessary  inputs  are  not  available.  Such  inputs  as  the 
number  and  duration  of  aircraft  missions,  the  number  and  cost  of  engine  components 
(especially  spare-part-candidates)  and  the  consequences  of  part,  failure  are  (as  dis- 
cussed later)  absolutely  necessary  items  of  input  data.  In  fact.  Sills  in  his  broad 
treatment  of  propulsion  engine/tradeoffs  concludes  with  Justification  that  tradeoff 
factors  are  best  applied  when  an  engine  concept  reaches  the  point  where  the  engine 
designer,  the  manufacturer  of  its  prospective  aircraft  and  the  owner /operator  can 
collaborate  in  the  tradeoff  process.*  On  the  other  band,  there  Is  an  engine  community 
consensus  that  says  in  efiect:  once  an  engine's  mechanical  design  is  committed  to 

development  phase  hardware  - the  best  chance  to  influence  that  design  has  been 
bypassed. 

The  suggested  time  bounds  for  effecting  engine  LCC  optimization  then  are: 

(1)  Initiate  evaluation  and  tradeoff  as  soon  as  a prospective  aircraft, 
operator  and  mission  are  identified. 

(2)  bomplete  the  major  LCC  effort  and  engine  design  optimization  before 
the  first  chips  are  cut. 


After  development  is  underway,  analysis  can  and  should  continue  in  order  to 
converge  a'  soundly  derived  baseline  engine  design . 

AN  ENGINE  LCC  METHODOLOGY 

Given  that  an  LCC  analysis  is  not  useful  in  free  space,  it  is  reasonable  to  conclude 
that  an  (extended  consequence)  FMEA  is  also  not  useful  unless  it  supplies  a nec- 
essary role  in  a fully  scoped  analysis.  To  use  an  electronics  industry  analogy, 
the  FMEA  is  a "black-box"  that  receives  inputs,  and  converts  them  to  system 
compatible  outputs.  Hence,  in  order  to  understand  its  role,  we  first  need  to 
consider  the  system  and  mission  that  it  serves,  and  the  unique  requirements 
of  engine  LCC  models. 


1 

*Thls  is  often  effected  by  executing  study  phase  sub-contracts  of  nominal  cost, 
in  which  either  an  engine  or  an  airframe  contractor  may  be  "prime”. 
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AN  ENGINE  LCC  METHODOLOGY  (Cont'd) 

Teledyna  CAE  is  charged,  under  the  requirements  of  advanced  development 
contracts,  to  develop  and/or  employ  design  to  life  cost  methodology  for  propul- 
sion engines*.  We,  therefore,  reviewed  existing  LCC  models  inc!u«iing  those 
described  in  (5)  and  (6)  together  with  recent  eiqierlence  described  in  Figure  2, 
and  concluded  that  each  had  one  or  more  of  the  following  disadvantages,  as 
summarised  in  Figure  3.  ■ 

o Existing  models  are  generally  electronic-systsm  oriented  and 

are  best  applied  to  a system  of  independently  removable  modules 
(e.g.,  circuit  boards,  trays  or  drawers)  whereas  engine  mainten- 
ai^  is  a sequential  process. 

» 

o The  models  assume  that  the  equipment's  operating  environment  is 
steady-state  as  opposed  to  the  dynamic  operating  and  stress  en- 
vironment of  gas  turbine  engines. 

o The  important  cost  elements  of  engine/airoraft  interaction  and  risk- 
weighted  cost-benefits  are  not  addressed. 

In  summary,  an  off-the-shelf  model  for  engine  use  was  not  available,  while 
the  work  of  adapting  existing  models  to  conduct  frequent,  timely,  and  credible 
evaluations  was  found  to  be  less  cost  effective  than  the  development  of  an  engine- 
oriented  model. 

• 

An  engine-oriented  Oesign-To-Life-Cost  Model  is  now  in  progress,  and  thus 
far  its  use  does  not  portend  any  radical  change  in  the  basic  process  of  engine 
design  evaluation^*  That  is;  first  an  initial  performance  parameter  set  will 
establish  the  aerodynamic/thermodynamic  approach.  A mechanical  design  will 
then  be  required  to  respond  to  the  aero/thermo  demand.  Finally,  a "cost- 
effectiveness"  critique  of  the  mechanical  design  should  ohallmage,  or  establish 
a Justification  for  the  existence  of  cost-significant  design  features.  The  critique 
must  of  course  feed  back  to  the  initial  performance-requirement  assumptions. 

In  other  words,  a viable  baseline  engine  design  remains  the  first  requirement 
for  conducting  a practical  evaluaticn. 


*The  need  for  this  approach  was  recognised  and  work  Initiated  under  the  USAF/APL 
sponsored  Aircraft  Propulsion  Subsystem  Integration  (APSI)  Program . Its  development 
continues  under  the  USAF/USN  sponsored  Joint  Technology  Demonstrator  Engine 
(JTDE)  Program. 

**Most  proponents  of  LCC  agree  that  the  ^>proach  does  not  require  much  additional 
data.  Its  prime  benefit  lies  in  bringing  many  known  and  soma  estimated  details 
into  an  integrated  and  systematically  ordered  evaluation. 


43. 
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AN  ENGINE  LCC  METHODOLOGY  (Cont'd) 

The  modeling  approach  develtqjlng  at  Teledyne  CAE  defers  to  the  foregoing 
axiom,  as  illustrated  in  Figxire  4 and  described  below. 

1.  Mission  Description  - A number  of  mission  profiles  or  a composite 
mission  are  described  so  that  match  points  can  be  identified  in  the 
engine  performance  deck. 

2.  Engine/ Aircraft  Description  - The  engine  and  its  candidate  air 
vehicles  are  described  in  an  "input  doctiment”.  The  engine  para- 
meters listed  include  weight,  performance , and  component  complement 
(Work  Code  structure).  The  aircraft  parameters  include  weight, 
development/acquisition  cost,  number  of  engines,  and  fuel  capacity. 

3.  Inventory  Function  - An  inventory  model  is  prepared  to  calculate 

engine  deliveriea,  annual  engine  fl3rlng  hours,  and  mission  fre- 
quency during  the  build-up,  steady-state  and  phase-out  years  of 
engine  life.  / 

4.  Functional  Relationships  - A number  of  functional  relationships 
are  identified  and  entered.  These  include: 

I 

» 

a)  Engine  ownership  cost  estimating  relationships  (CER's) , 
component  reliability  distributions  (for  significant' compoaents) 
based  on  thermal/mechanical  stresses  at  discrete  mission 
conditions  (match  points) . 

b)  Aircraft  development  and  acquisition  cost  sensitivity  to 
engine  weight  and  performance  variations. 

5.  Design-to-Cost  (PTC)  Analysis  - Acquisition  cost  values  are  mitared 
for  significant  components  (particularly  those  that  will  be  replaced 
during  maintenance) . Cost  values  for  engine  assembly , inspection 
and  testing  are  separately  identified,  as  is  the  acquisition  cost  of 
the  complete  engine. 

6.  Development  Costs  - are  determined  for  the  baseline  engine  and 
proposed  development  program.  During  iterations,  the  development 
objectives  are  treated  probabilistically  to  address  technical  risk 
versus  payoff. 

7.  Acquisition  Costs  - are  calculated  for  each  period  in  which  engines 
and  spares  will  be  purchased. 
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AN  ENGINE  LCC  METHODOLOGY  (Cont'd) 

Inltlaliiation  Co«to  - are  determined  as  a function  of  the  proposed 
stocking  policy  and  the  number  of  parts  added  to  DOD  inventory. 

Operating  Costs  - are  estimated  in  two  categories  as  follows: 

Oparatlon  and  Support  Costs  are  based  on  reliability,  main- 
tainability and  replacement  parts  cost  (using  the  FMEA  with 
extended  consequences) . 

Interactive  Costs  are  based  on  the  estimated  cost  of  the  base- 
Ihie  aircraft  and  the  calculated  effect  of  engine  changes  using 
the  aircraft  CBR's. 

1®*  Reporting  Generation,  Baseline  - a systems  cost  estimate  is  prepared 
(manually  or  by  executing  a computer  program)  to  identify  costs 
of  the  baseline  design  during  the  program  life  cycle.  Calculated 
parameters  will  include; 

o Total  system  costs  and  the  year  in  which  the  cost  is 
incurred. 

o Cost  breakout  to  significant  contributors  in  each  year. 

o Interactive  costs  of  the  air  vehicle/ engine. 

• Report  Generation;  Design  Iterations  - Systems  costs  and  benefits 
(or  payoffs)  are  calculated  for  selected  component  Improvements 
by  executing  the  baseline  program  with  variations  offered  by  imnroved 
designs . 

The  form  of  this  model's  output  will  also  require  some  consideration.  Because 
costs  have  time  values,  it  will  be  necessary  to  consider  both  discounting  and 
escalating  from  some  constant  or  "Datum  Year"  on  out  to  the  limits  of  the  engine's 
life  cycle  in  the  "Horizon  Year".  Moreover,  appropriate  ranges  of  the  cost-driving 
functions  will  be  required  to  facilitate  sensitivity  testing. 

FMEA  APPROACH  TO  OPERATION/SUPPORT  COSTS 

During  development  of  a DTLC  Model  it  often  becomes  necessary  to  restate  the 
objectives  of  its  use,  as  each  routine  in  the  analytic  methodology  is  selected. 

This  occurs  because  there  are  usually  too  many  approaches  (rather  th^n  too  few) 
to  estimating  the  contributing  elements. 
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FMBA  APPROACH  TO  OPBRATION/SUPPORT  COSTS  (Cont'd) 

For  example,  parametric  methods  for  treating  engine  development  and  acquisition 
cost  are  offered  in  the  Rand  report . based  on  a "time  of  arrival”  technique. 
Another  and  more  design-specific  method  is  described  by  Atkinson  which 
involves  the  "Maurer  Factor"*  in  predicting  acquisition  cost.  Some  parametric 
approaches  are  also  available  for  calculating  maintenance  cost  indices.  Gregor, 
et  al^^)  in  particular  have  acquired  a propulsion  system  maintenance  estimating 
relationship  (MER)  set  by  correlation  analysis  of  recent  tactical  aircraft  experience. 
That  MER  is  specified  in  terms  of  maintenance  man  hours/fUght  hours  (MMH/FH) 
and  one  would  need  omnplementary  MER's  for  maintenance  parts  cost  (P . $/FH)  as 
well  as  cost  per  maintenance  man  hour  (M$/MH)  to  complete  the  equation. 

$/Fh  » (MI/MMH)  (MMH/FH)  * PI/FH  (1) 

Some  broad  conclusions  can  also  be  drawn  from  an  ARINC  report  that  quotes 
engine  support  costs  at  6-10%/yaar  of  engine  inventory.  That  is: 

Engine/Support  $/Year  = k < Acquisition  ^ ^ 

Engine 

Here.  K is  a coefficient  with  a range  of  .06  to  .10  and  I is  the  average  number  of 
engines  in  inventory  during  the  year  of  interest. 

These  and  other  cost  Estimating  Relationships  (CER's)  are  useful  for  planning 
programs  and  for  establishing  benchmarks  or  references.  However,  they  do  not 
fulfill  the  needs  of  an  engine  design  activity  that  is  intent  on  reducing  the  cost  of 
engine  ownership  because  they  do  not  provide  the  essential  service  of  identifying 
engine  design  features  that  drive  cost . 


One  approach  to  identifying  design-controllable  maintenwce  costs  is  based  on  the 


use  of  a failure  mode  effect  amdysis  (FMEA) . Arnzen's  ^ ' early  description  of  a 
rigorous  FMEA  technique  exemplified  its  use  in  addressing  the  reliability  of  safety- 
of-flight  equipments . He  systematically  identified  the  known  failure  modes  of 
components  of  a typical  system  together  with  their  probability  of  occurrence.  Then, 
the  failure  modes  were  carried  through  a functioning  system  to  identify  their  effects 
in  terms  of  mission  success . He  showed  how  attention  to  critical  component  redund- 
ancy , derating  and  other  reliability  design  techniques  could  result  in  improved 
mission  reliability . 


* The  author  suggests  that  the  Maurer  Factor  with  a periodic  commodity  update 
would  be  a continuely  useful  Cost  Estimating  Relationship . 
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FMEA  APPROACH  TO  QPERATION/SUPPORT  COSTS  (Cont'd) 

Mission  impairment  is  certainly  a major  concern  in  engine  design,  as  are  the 
consequences  of  part  failures  and  wearout.  The  FMEA  is  a prospectively  useful 
way  to  calculate  these  costs  if  the  maintenance  consequences  are  well  as  the  mission  I ] 

consequences  are  considered.  A significant  measure  of  engine  maintenance  is  1| 

also  performed  for  preventive  and  routine  servicing  reasons  - and,  with  some  1 ] 

modification , the  FMEA  lends  itself  to  integrating  these  cost-drivers  into  the  total  1 1 

maintenance  cost  consequence  analysis . Figure  S lists  the  consequences  addressed  i 1 

by  a conventional  FMEA  in  comparispn  with  those  that  require  consideration  in 
total  maintenance  consequence  analysis . 

FMEA  LOGIC  ROUTINE 

A FMEA  method  for  calculating  support  costs  in  dollars  per  engine  flight  hour 
and  dollars  per  engine  fleet  year,  or  other  period  (e.g. , fiscal  quarter)  is  best 
explained  by  example  of  its  application  to  a simple  subsystem . In  this  case , an 
engine  low  oil  level  indicator  subsystem  is  examined . The  system  schematically 
described  in  Figure  6 consists  of  a float,  a switch,  a cockpit  mounted  socket  and 
a bulb . Each  component  is  numbered  and  its  failure  modes  identified  by  a convenient 
notation . 

A worksheet,  as  shown  in  Figure  7,  is  used  to  enter  known  information  about  each 
component's  failure  modes,  and  their  likely  (if  not  known)  distributions  and  values. 

Unless  otherwise  known  the  Weibull  distribution  is  selected  as  the  "best  likely  fit" 
and  the  most  useful  for  component  reliability  estimation.  (Reference  12 
the  problem  of  estimating  engine  component  reliability) . The  Weibull  distribution 
takes  the  form 


R(t)  = EXpr  - ^ t-ta 
^ m 

Where: 

ta  = The  lowest  time  (or  stress)  at  which  failures  occur* 

m = The  location  parameter  (better  known  as  MTBF  when  B = 1 . 0) 

b = The  shape  factor  (b  less  than  1 . 0 indicates  decreasing  failure  rate , 

b = 1.0  indicates  a constant  failure  rate,  and  b greater  than  1.0  is 
indicative  of  wearout  or  accelerating  failure  rates) . 


* In  most  analyses,  a » 0 is  assumed  for  time  (but  not  stress)  dependent  failures.  | 
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FMEA  LOGIC  ROUTINE  (Cont'd) 

^ «*U»  mymm  MKU  of  foUur.  n»d«  m «Ut«l  tUMr  

‘*“5®^-  ™*  “•>=  ■••liifro.  danlopmenl  of  u aid  such  as  the 
maintenance  aequence  diagram  eliown  in  Figure  6 . 

““  W*""  dtitrfbutiou.)  ar. 

thoaetlmt  the  engine  or  aircraft  dealgner  can  Influence.  Of  these  aocaaeibuitif 

is  quandfied  by  determining  the  number  of  components  that  have  to  be  removed  and 
replaced  Just  to  get  at  the  offending  part.  The  Mst 

include  items  consumed,  such  as  BasketB)'  tha  man  ».  placed  part  (which  may 
^inicuu.  «...  in 

Because  of  the  number  of  variables,  a computer-aided  analysis  is  often  a naeea.itv 
and  a typical  sub-routine,  shown  in  Figure  9 performs  as  follows: 

discrete  time  intervals. 

The  clock  keeps  track  of  this  information  and  passes  it  on  to  other 
portions  of  the  LCC  program . 

mS  “ time  on  components  currently  in  service 

(fleet  component  summary)  is  advanced.  The  use  schedule  will  be  used 
in  this  calculation . If  several  generations  of  components  are  currenUy 
in  service , their  elapsed  time  is  also  incremented . 

(c)  ^ail^  Cfic^ation  - Using  the  failure  distribution  information . the 
number  of  failures  is  calculated  via  hazard  rate  analysis. 

(d)  Components  Remove.  ReinstaU,  and  Replace  - Cost  Involved  in  re- 
moving  and  reinstalling  components  in  order  to  gain  access  to  the 

the  failed  part  is  calculated  in  this  wwtion. 
ne  part  of  this  calculation  would  be  the  use  of  a learning  curve  to 
adjust  for  maintenance  learning  effects. 

(e)  gq?po”^t  Update  - An  update  of  the  replaced  parts  will  be  entered 
into  the  fleet  component  summary. 

(f)  System  S^g^r  Evaluation  - Component  by  component  system  safety 
evaluation  will  be  performed  for  all  faUed  components,  and.  a system 

safety  summary  will  be  tabulated.  r 

(g)  T^  Cost  - Total  maintenance  material  cost  is  calculated  for  the 

failures.  This  total  cost  wiU  be  adjusted  by  Inflation  and  discount 
factors . 
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FMEA  LOGIC  ROUTINE  (Cont'd) 

By  executing  the  routine  for  the  low  level  oil  indicating  system  previously  described, 
and  having  information  tabulated  in  Figure  10,  the  subsystem's  cost  per  flight  hour 
are  calculated  as  shown  there  and  in  Figure  11.  The  results  shown  in  Figure  10, 
constitute  an  iterable  baseline . We  would  next  logically  expect  to  evaluate  design 
improvements  for  their  cost  reducing  prospects . Most , such  iterations  will  require 
execution  of  a complete  model  because  a part  having  improved  life  characteristics 
is  likely  to  have  an  increased  acquisition  and/or  development  cost.  However,  there 
are  usually  a few  design  choices  that  become  a matter  of  "acquisitlon/development 
cost-indifference".  Taking  the  latter  case,  for  convenience,  we  can  examine  the 
Impact  of  decreasing  accessibility  to  the  bulb  while  simultaneously  increasing  its 
reliability  - as  might  be  the  case  for  providing  improved  heat  dissipation.  Figure  11 
illustrates  a typical  plot  of  cost  reduction  as  a function  of  bulb  reliability  improvement . 
A change  in  accessibility  of  .5  man  hours  per  event  to  .75  man  hours/event  is 
incurred.  In  this  example,  a probable  reliability  improvement  is  three  (3)  times  the 
baseline  reliability,  with  the  net  result  of  increasing  cost.  Hence,  the  change  is 
contraindicated  and  should  not  be  pursued . 

FMEA  - ENGINE  SYSTEM  EXAMPLE 

A full-up  engine  FMEA  will  require  attention  to  as  many  as  fifty  (50)  or  more  comp- 
onents or  subsystems  as  have  just  been  described.  However,  our  interest  in  cost 
consequences  and  some  knowledge  of  the  expected  maintenance  concept  lead  to 
convenient  methods  of  grouping  the  effects . 

By  way  of  example,  a light  utility /trainer  airciaft  is  postulated.  Merrill  (14)  and 
others  suggest  requirements  for  a four  (4)  place,  high  performance,  aircraft, 
designed  for  that  service,  and  equipped  with  twin  turbofan  engines.  A possible 
baseline  engine  configuration  for  that  aircraft  is  shown  in  Figure  12,  with  its 
modular  groups;  designated  by  the  conventional  Work  Unit  Code  (WUC)  scheme. 

Its  mechanical  arrangement  is  assumed  to  consist  of: 

o a single  stage  fan  group,  with  an  externally  mounted  oil  tank 

o a combination  axial/centrifugal  compressor 

o an  annular  combustor 

o single  stage  HP  5 LP  turbines 

o a tower  shaft  accessory  drive  package , on  which  the  oil/fuel  pumps 

are  mounted,  and  a power  extraction  fitting  is  provided  for  aircraft  use. 

o an  electronic  fuel  control  package  and  integral  fuel  metering  valve  is 
assumed . 
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FMEA  - ENGINE  SYSTEM  EXAMPLE  (Cont'd) 


Other  engine  provided  accessories  would  include  a sensor  group  (fuel  oontrol  lrq;>uts) 
and  possibly  bleed  extraction  provisions . The  trend  towards  use  of  remotely  mounted 
gear-boxes  as  described  by  Gaertner  and  other  is  acknowledged  by  poetulating  a 
power-take-off  shaft  (not  shown)  and  hence  airframer  supplied  starter , hydraulic 
pumps  and  fuel  boost  pumps.  (This  trend,  incidently,  eases  the  engine  LOG  analyst's 
job  by  making  the  engine/airhrame  demarcation  somewhat  clearer.) 


How  this  engine  will  be  serviced,  inspected  and  maintained  is  also  of  interest.  A 
first  cut  at  the  engines'  accessibility  parameters  is  accomplished  by  constructing  an 
engine  maintenance  sequence  diagram  as  shown  in  Figure  13,  which  includes  an 
initial  assumption  on  the  airframe  provided  provision  for  engine  access.  The  blocks 
list  the  engine  groups , the  arrows  describe  the  progression  of  groups  needing  removal 
(and  subsequent  replacement)  to  access  other  groups , and  the  parenthesized  values 
show  the  estimated  time  in  man-hours  needed  to  accomplish  each  step  in  the  sequence. 


An  assumption  on  the  engine  owner's  plan  for  maintenance  or  "maintenance-concept" 
is  the  next  necessity . We  can  expect  that  he  will  follow  his  tried-and-proven  existing 
practice,  unless  some  major  benefit  is  otherwise  realized.  That  assumption  is  reflected 
in  the  maintenance  concept  described  in  Figure  14 . 


A last-but-not-least  need  is  for  a set  of  input  values  regarding  aircraft  utilization, 
the  value  of  maintenance  man-hours  at  various  levels  and  other  cost  elements.  In 
practice,  these  must  be  supplied  in  part  by  the  engine  design  activity,  the  airframe 
designer  and  the  prospective  engine  buyer /owner.  The  author's  guesses  at  such 
values  for  this  purely  hypothetical  example  are  shown  in  Figure  15 . 


We  are  interested  in  determining  the  owner's  maintenance  cost  for  the  baseline  engine 
design  and  maintenance  concept.  That  solution  is  obtainable  by  using  the  aforementioned 
data/models  and  the  previously  described  computer  routine.  However,  we  should  recall 
that:  (1)  money  too  has  a "time-of-arrival"  value;  (2)  the  owner's  Inventory  will 
not  be  a square  wave,  but  a time  varying  function;  and,  (3)  his  aircraft  utilization 
function  will  vary  in  some  proportion  to  inventory . For  these  reasons , the  time  series 
plotted  cost  of  maintenance  is  found  to  be  the  most  convenient  output  form  as  illustrated 
in  Figure  16 . 


A baseline  design  maintenance  cost  estimate  is  usually  an  interesting  conversation 
piece  that  plots  into  aesthetic  curves  (sometimes  after  smoothing)  and  furnishes  the 
awe-factor  of  large  numbers.  Hopefully,  it  also  challenges  our  engineering  instinct 
to  do  something  constructive  with  it,  and  that's  what  Design-to-Life-Cost  is  all  about 
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FMBA  - ENGINE  SYSTEM  EXAMPLE  (Cont'd) 

In  this  example,  several  design-controlled  cost-drivers  suggest  themselves.  However, 
when  dealing  with  a full-up  engine  installation , most  changes  trill  be  found  to  incur 
some  front-end  cost . Hence  two  design  iterations , shown  in  Figure  17 , are  postulated 
together  with  their  lumped  front-end  (development  plus  fleet  acquisition)  costs 
(assumed  by  the  author  for  this  sample  problem) . 

The  cost  impact  of  these  Iterations  la  then  plotted  in  Figure  18,  to  illustrate  these 
results . 

(1)  Iteration  (1)  involved  improving  the  MTBF  of  the  electronic  fuel  control 
computer  by  using  "hlgh-reliabillty"  parts  and  employing  a reliability 
conditioning  or  "burn-in”  test.  It  is  estimated  to  result  in  an  increased 
mean  time  between  unscheduled  removal  (MTBUR)  and  an  increased 
interval  between  engine  "trims" . Ths  calculated  benefit:  cost  ratio  is  2 . 7 . 

(2)  Iteration  (2)  involves  porting  the  engine  at  strategic  points  to  permit 
borescope  or  fiber  optic  inspection.  This  change  extends  the  interval 
between  the  tear  down  inspections  by  lessening  the  need  for  removing  the 
engine  to  verify  component  integrity . Its  calculated  benefit:  cost  ratio 

is  21.6. 

(3)  Iteration  (3)  examines  the  combined  Impact  of  effecting  both  changes,  to 
achieve  a benefit:  cost  ratio  of  13,5. 

The  task  of  successfully  selecting  and  giving  priority  to  worthy  cost  reductions, 
singly  or  in  combinations,  will  call  for  a combination  of  design  imagination  and 
efficient  analytical  techniques . 

FMBA  EXTENSIONS  AND  A DEFINITION 

The  foregoing  examples  were  intended  to  open  discussion  and  interest  on  the  worth 
of  an  FMEA-based  engine  LCC  analysis . There  are  other  design  and  maintenance 
decisions  that  affect  engine  maintenance  costs  and  deserve  systematic  evaluations. 

One  significant  method  is  NAVAIR'a  Level  of  Repair  or  LOR,  which  includes  component 
failure  rates  as  cost  drivers , and  seeks  a cost  optimum  balance  of  spare  parts , AGE 
allocation  and  maintenance  level  designations  (e.g. , DOD  or  Contractor) . With 
appropriate  integration,  the  LOR  and  Fmea  appear  to  be  useful  complements.  It  and 
other  extensions  of  the  FMBA  are  listed  in  Figure  19 . 

Mention  of  the  LOR  leads  to  comment  on  another  engine  component  parameter  that 
seems  to  deserve  quantification  in  deference  to  maintenance  cost  reduction  interest 
"Durabilitv" . It  is  mentioned  frequently  in  engine  literature  and  at  least  one  spec- 
ification but  has  not  (to  the  author's  knowledge)  been  precisely  defined  or 
equated  to  anirthlng . The  term  is  sometimes  used  interchangeably  vrith  "mission- 
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FMBA  EXTENSIONS  AND  A OBFINITION  (Cont'd) 

reUability"  and  MmatimM  It  suggeata  "maintenance-raliability'' . Howavar,  tha 
LOR  and  USAF'a  Optlmuin  Repair  Level  Analyaia  (ORLA)  both  require  of  a 

coat  driver  that  ia  a function  of  component  durability  and  tbot  is  the  "Repair  This 
SUtion"  ratio  (RTS) . RTS  expresses*  the  percentage  of  parta  that  will  pass  a periodic 
inspectioa,  after  on-engine  aervioe  of  a speeifiad  time,  and  Um  a needed 

definition . The  author  auggasts: 

"Durability  is  the  probabiUty  that  an  engine  component  will  operate, 
in  the  manner  intended,  ibr  a apecified  time  and,  iqion  inspection  by 
a preaoribed  method,  shall  satlefy  design  limits  for  return  to  service” . 

The  probability  distribution  funotlans  this  parasMtar  might  exhibit  are  suggested 
subjects  for  othsr  disoussions,  but  an  initial  stap  would  equate  it  together  with 
reliability  in  a time  funedon,  ftrasly. 

D(t)  Rfi)  X (Also  shown  in  Figure  20)  (4) 

Where:  R is  the  familiar  raliablUty  funotion  and  Y ...  is  die  prescribed 

Inlq^aotloa's  prooaes  yield  at  time  (i) , ^ ^ 

CONCLUSION 

Cost  of  engine  ownersh4>  has  reoantly  Jolnad  the  list  of  design  challenges  made  to 
tha  engine  community.  As  one  designer  soernwhat  wryly  stated: 

" . .today  ,*Inharent/Oesign-to/Produoe-io/Llfe  Cycle/Cost  Analysis 
and  execution  have  risen  as  the  New  Technology,  replacing  tha  all- 
out,  unilateral  pursuit  of  performance  and  weight  improvements  of 
the  past  fsw  decadee” . (17) 

If  there  is  one  most  significant  aspect  of  engine  ownership  cost  reduction,  tliat  is 
the  reality  that  it  cannot  be  done  unilaterally.  An  aircraft  engine,  its  aircraft 
and  its  mission  have  a profoundly  interaotivo  cost  of  ownership  effect,  (Figure  21) . 

So , the  engine  designer , airframe  designer  and  aircraft  owner /operator  must  enter 
into  willing  partnership  if  their  enterprise  is  to  be  cost-successful. 
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APPBWDIX 


NOTATION 


DEFINITION 


MCk) 


MAT(k) 


WeibuU  Shape  Parameter 

Coat  Eatlmating  Relattonehip 

DurablUty  or  probability  of  Retum-to- 
Service  at  time  t. 

Engine  flight  hour  (FirewaUs/ Aircraft)  X 
Aircraft  operating  hours  (Block  to  Block) 

Flight  hour . 

Characteristic  Life  of  Component  k 

(MTBF  when  b « 1.0  in  the  WeibuU  Distribution) 

Mean  Access  Time  to  the  Kth  Component. 

Maintenance  Estimating  Relationship. 

ReliabiUty  or  survival  probability  at  Time  t. 

Yield  of  Inspection  process  at  Time  t. 
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Figure  le  TIm  Phased  Decisions  Defining  Life  Cycle  Cost  From  Reference  1. 
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Figure  3.  Coaparison  of  Engines  Va.  Avionics  LCC  Models 


Figure  4.  Engine  DTLC  Model  - Logic  Plow 
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FAILURE  MODE 
EFFECT  ANALYSIS 

MAINTENANCE 

CONSEQUENCE 

ANALYSIS 

1.0  COMPONENT  FAILURES 

1.1  MOOES 

V 

V 

1.2  RATES 

X 

v/ 

1.3  TIME  INFLUENCE 

- 

X 

2.0  SYSTEM  EFFECT 

2.1  MISSION  IMPACT 

V 

V 

2.2  HAZARD  CATEGORY 

X 

X 

3.0  UNSCHEDULED  MAINTENANCE 

3.1  REPAIR  LEVEL/SKILLS 

X 

n/ 

3.2  REPAIR  & REPLACE  TIME 

— 

V 

3.3  REPAIR  COSTS  (MATERIAL) 

- 

s/ 

4.0  SCHEDULED  MAINTENANCE 

4.1  ACCESS  TIME 

v/ 

4.2  RTS  RATIO/COSTS 

- 

V 

4.3  N RTS  RATIO/COSTS 

- 

V 

4.4  (INFLUENCE  OF  4.0  ON  1.0) 

- 

X 

5.0  SERVICING 

5.1  TIME 

v/ 

5.2  MATERIAL  COST 

- 

V 

(V)  USUALLY  INCLUDED  (-)  SELDOM  INCLUDED 

(X)  OCCASIONALLY  INCLUDED 
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Figure  5 


Comparison  of  Conventional  FMEA  & Maintenance  Consequence 
Analysis. 


Figure  8.  Maintenance  Sequence  Diagram  For  Low  Oil  Level  Subsystem 
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Figure  9.  Maintenance  Cost  (FMEA)  Subroutine  Logic. 


Expected  Cost  Inpact  - Proposed  Design  Change 


Figure  12.  Baseline  Engine  Configuration  (2  Each)  For  Postulated  Aircraft. 
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NOTATION 

UESCHIPTION 

UNITS 

VALUES 

INVENTORY  DATA 

• 

IFWALL 

NUMBER  OF  FIREWALLS  (TWIN  ENGINE  A/C) 

_ 

600 

lEFHR 

ENGINE  FLT  HOURS/ENGINE/MONTH  " (EFH/YR) 

EFY 

720 

; 

NOPER 

LIFE  CYCLE  YEARS  TOTAL 

YEARS 

24 

f 

IPEAK 

LIFE  CYCLE  YEARS  PEAK  (CONSTANT  INVENTORY! 

YEARS 

16 

■ 

IPOUT 

LIFE  CYCLE,  BUILD-UP  & PHASE  OUT  (EACH) 

YEARS 

4 

OURMIS 

AVERAGE  MISSION  TIME  X NBH  ENGINE/AC 

HR 

4 

MAINTENANCE  COSTS  (DATUM  YEAR) 

ACORG 

• AVERAGE  COST  PER  MAN  HOUR  (ORGANIZATION)  BUR- 

S 

9 

DENED 

ACBSM 

• AVERAGE  COST  PER  MAN  HOUR  (BASE  MAINTENANCE), 

$ 

12 

L ' 

BURDENED 

ACDEPT 

• AVERAGE  COST  PER  MAN  HOUR  (DEPOT /CONTRACTOR), 

$ 

15 

■ 

i-  i 

BURDENED 

ACBIM 

• AVERAGE  BASE  INSPECTION,  MATERIAL  COST 

$ 

3,000 

. 

ACOC 

• AVERAGE  OVERHAUL  COST/ENGINE  (AT  3000  HOURS) 

s 

15,000 

■ 

SERVICING  DATA 

SPP 

• PREFLIGHT  & POST  FLIGHT  (PER  FLIGHT) 

MAN  HR 

1.0 

STT 

• ENGINE  TRIM  TIME 

MAN  HR 

3.5 

STI  (0) 

• ENGINE  TRIM  INTERVAL  (BASELINE) 

EFH 

30 

b. 

STI  (1) 

• ENGINE  TRIM  INTERVAL  (ITERATION  1) 

EFH 

120 

SCHEDULED  MAINTENANCE 

SMBI  (0) 

• BASE  INSPECTION  (BASELINE)  INTERVAL 

EFH 

600 

SMBI  (3) 

• AVf  RAGE  BASE  INSPECTION  INTERVAL  (ITERATION  2) 

EFH 

900 

r 

SMBII  (2) 

• BORE  SCOPE  INSPECTION  INTERVAL  (ITERATION  2) 

EFH 

300 

UNSCHEDULED  MAINTENANCE 

i 

MTBUR  IK) 

MEAN  TIME  BETWEEN  UNSCHEDULED  REMOVAL 

EFH 

_ 

AOO 

• FUEL  CONTROL  GROUP  (BASELINE) 

EFH 

1,500 

AOO 

• FUEL  CONTROL.GROUP  (ITERATION  1) 

EFH 

4,500 

B,C,D,E,F 

• OTHER  ACCESSORY  GROUPS  (AVERAGE  EACH) 

EFH 

15,000 

1 

GOO 

• FAN  GROUP  & OIL  TANK 

EFH 

15,000 

HOO 

• COMPRESSOR  GROUP 

EFH 

45,000 

1 

JOO 

• COMBUSTOR  GROUP 

EFH 

30,000 

! 

KOO 
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Figure  15.  LCC  Data  (Maintenance  Cost)  Typical  Engine  Program. 
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ITERATION 

NO. 


ENGINE  DESIGN  CHANGE 
DESCRIPTION 


COST  DELTA 
"FRONT-END 


RELIABILITY  IMPROVEMENT 
OF  ELECTRONIC  FUEL  CONTROL 
(GROUP  A00)-USES  "HIGH-REL" 
PARTS  & 40  HOUR  BURN-IN  TEST 


$300,000 


BORESCOPE  PORTS  TO  ACCESS 
GAS  GENERATOR 


$400,000 


COMBINES  1 & 2 


18088 


Figure  17.  Two  (2)  Hypothetical  Design  Iterations  & Front-End  Cost  Deltas 


ITEM/ITERATION  NO. 


PRIOR  BASELINE 
COST  $(000) 

UNADJUSTED  SAVINGS 
$(000).  LIFE  CYCLE 


ADJUSTED  SAVINGS 
$(000).  LIFE  CYCLE 


FRONT  END 
COST  $(000) 


ADJ.  SAVINGS  - LESS  COST 

• BENEFIT.  $(000) 

• %OF  BASELINE 


BENEFIT -COST  RATIO 


PRIORITY 


18087 


Figure  18.  LCC  (Maintenance)  Cost  Impact  of  Two  Design  Iterations 
(Singly  and  In  Combination). 
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Figure  19.  FMEA  Extensions. 
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PROPOSED  DURAB>UTY  DEFINITION 

"DURABILITY  IS  THE  PROBABILITY  THAT  AN  ENGINE  COM- 
PONENT  WILL  OPERATE.  IN  THE  MANNER  INTENDED,  FOR  A 
SPECIFIED  TIME  AND.  UPON  INSPECTION  BY  A PRESCRIBED 
METHOD,  SHALL  SATISFY  DESIGN  LIMITS  FOR  RETURN  TO 
SERVICE." 

DURABILITY  EQUATION 


WHERE: 


D(t»  = R(t)  X Y(t) 


R(t)  IS  THE  RELIABILITY  OF  THE  COMPONENT  TO  TIME  t 

Y(t)  IS  THE  PRESCRIBED  INSPECTION'S  PROCESS  YIELD  AT 
TIME  t 


Figure  20.  "Durability"  Propoaed  Definition  and  Equation. 
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Figure  21.  Some  Contributions  of  Engine  Design,  Airframe  Design,  and  Aircraft 
Owner /Opera tor  to  Engine  Ownership  Cost  Reduction. 
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To  Cost  Penalties 


The  following  report  discusses  the  types  of  cost  pernlties,  adjustments 
and  other  considerations  vdiich  were  identified  after  review  and  analysis 
of  an  RIW  Contract  accepted  for  vise  on  current  program.  Each  paragraph 
identified  a specific  type  of  penalty  or  consideration,  the  amount  of 
contractor  risk  or  exposure  to  cost  penalties,  a parametric  analysis  (as 
2^1icable),  and  identification  of  critical  areas  on  idiich  management 
attention  should  be  focused. 


I. 


Excesaive  Unverified  Failures 


Th«  contTActor  rsc^ives  Additional  funds  for  only  unverified  feilures 
in  excess  of  30%  of  tbs  total  returns.  The  first  30%  is  charged  as 
normal  maintenance  actions  under  the  basic  warranty,  and  the  con- 
tractor is  only  paid  $100  for  each  repair  in  excess  of  the  first  30%. 

The  important  aspect  of  this  requirement  is  to  assure  the  contractor 
includes  consideration  of  the  first  30%  in  his  basic  warranty  contract 
by  increasing  his  inherent  failure  rate  by  30%,  Oiereby  increasing  the 
dollar  value  of  the  initial  warranty  repair  contract,  or  cost  of 
the  procured  item  (whichever  means  the  contract  allows). 

n.  Warranty  Period 

The  warranty  period  is  60  months  (5  years)  for  the  original  procurement, 
60  months  for  Option  1,  48  months  for  Option  n,  and  36  mon&s  for 
Option  ni.  The  risk  to  the  contractor  is  in  the  inflationary  factors 
that  are  involved  over  such  a long  time  span.  As  an  example,  the  cost 
of  adding  additional  personnel  and/or  equipment  if  required  to  reduce 
the  turnaround  time , will  be  considerably  higher  five  or  ten  years 
downstream  than  it  is  at  the  time  of  the  proposal  effort.  This  lengthy 
exposure  period  must  be  considered  when  accepting  any  degree  of  risk 
associated  with  the  cost  penalties  discussed  in  the  following  paragraphs. 
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III.  Annual  Coat  Adroatmenta 


The  Turnaround  Time  (TAT)  adjustment  (reference  paragraph  VII 
is  calculated  every  6 months,  but  the  adjustment. is  made  only  every 
12  months.  The' annual  adjustment  requirement  means  that  the  con- 
tractor is  exposed  to  as  many  as  ten  separate  sets  of  cost  penalties. 

One  additional  problem  related  to  this  requirement  is  that  many  of 
the  formulae  have  constants  assigned  to  parameters  that  will  vary 
from  year  to  year  as  a function  of  inflationary  factors  and  reliability 
growth  (increased  MTBF's). 

IV.  ECP’s 

The  contractor  must  be  aware  of  the  requirement  to  incorporate  , at 
no  delta  cost,  engineering  changes  to  improve  reliability  and  support 
requirements.  The  contractor  should  perform  trade  studies  involving 
the  cost  of  the  ECP  versus  the  warranty  penalties  for  excessive  amounts 
of  failures  (low  MTBF)  and  tumarotind  times.  This  type  of  trade  study 
requires  resourcesin  terms  of  computer  time  and  analytical  personnel; 
this  effort  should  be  included  in  the  original  warranty  cost  estimates/ 
proposal. 
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V. 


Two  Repair  Facilities 


The  RIW  contract  requirea  two  repair  facilities:  one  backup  facility 
500  miles  away  from  the  primary  facility  which  must  be  operational 
within  7 days,  if  required.  If  the  secondary  system  is  actually  im- 
plemented, the  time  it  took  to  activate  this  facility  would  have  a 
critical  impact  on  the  turnaround  cost  penalty  (reference  paragraph 
VH)  for  exceeding  the  average  TAT  during  a given  six-month  period. 

VI.  Shipment  fe  Packaging 

There  is  a 72  hour  maximum  shipping  response  time  and  a require- 
ment for  a priority  shipping  system.  The  shipping  time  is  included 
in  the  operation  time  (Liquidation  Damage,  reference  paragraph  VII) 
adjustment:  an  excessive  time  could  cause  a reduction  in  operating 
time  and  subsequent  reduction  in  warranty  fee  (cost  penalty). 

VII.  Turnaround  Calculation 

The  liquidation  damages,  as  they  are  referred  to  in  the  RIW  Contract, 
are  a function  of  the  contractor  exceeding  the  15  day  turnaround  time 
(TAT)  requirement.  This  cost  penalty  is  calculated  for  each  six 

It 

month  period  starting  with  the  6 months  preceding  the  initial  anni- 
versary date.  Graph  Number  1 was  drawn  to  describe  the  turnaround 
‘ penalty  cost  as  a function  of  increasing  turnaround  times  (expressed 
in  days  in  excess  of  the  15  day  requirement).  It  is  important  to  note: 
1)  the  development  of  this  graph  assumed  500  operational  units  and 
the  capability  of  achieving  the  required  500  MTBF:  2)  for  a 25  day 
TAT  the  6 month  penalty  is  $132,  500  and  for  a 20  day  TAT  it  is 
$66,  250:  3)  the  TAT  is  the  most  critical  parameter  in  the  RIW  Con- 
tract due  to  the  sensitivity  of  the  cost  penalty  to  small  changes  in 
the  TAT. 
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Graph  Number  1 


The  family  of  curves  drawn  on  graph  number  2 pictorially  displays  the 
fact  that  as  the  number  of  operational  units  (installed  in  operational  air- 
craft) increases,  the  turnaround  cost  penalty  becomes  more  critical  and 
more  management  attention  should  be  directed  to  the  average  TAT;  even 
a one  or  two  day  overi^  is  costly.  It  has  traditionally  been  manufacturing 
policy  to  concentrate  on  meeting  production  schedules  during  initial  stages 
of  the  operational  program:  the  result  is  usually  a high  turnaround  time 
period  for  repair  of  returned  units.  The  6 month  penalty  for'zo  to  100  units 
ranges  from  $10,  000  to  over  $40,  000  for  a 30  day  turnaround;  this  penalty 
is  paid  yearly.  The  problem  or  risk  as  described  above,  is  more  critical 
when  considering  the  possibility  of  experiencing  increased  failure  rates 
(lower  MTBF)  on  early  production  units. 

Figure  number  3 is  a graph  of  the  number  of  returns  over  a 6 ^ar  period 
based  on  Minuteman  data  for  the  NS17,  it  substantiates  the  reliability  growth 
concept.  Note  that  after  the  number  of  production  units  decreased,  the  num- 
ber of  returns  decreased  significantly.  Therefore,  it  is  recommended  that 
a cost  comparison  be*performed  for  developing  an  alternate  concept  such  as 
operating  a separate  repair  facility  or  having  a separate  shift  dedicated  to 

I 

warranty  repairs. 

The  Minuteman  NS17  experienced  an  average  (expected)  value  of  1068  returns/ 
year  which  converts  to  an  average  of  4 returns /day  (reference  figure  #4). 
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Figure  Number  5 displays  a family  of  curves;  the  top  curve  displays  the 
probability  of  experiencing  exactly  the  expected  number  of  repairs/  day; 
the  second  displays  the  probability  of  experiencing  exactly  one  more 
retem/day;  the  third  and  fourth  curves  display  two  or  three  returns /day 
over  the  expected  value. 


These  graphs  indicate  the  critical  range  is  from  2 to  8 returns /day^  Note 
that  the  NS17  rfturn  rate  was  4/da^  e.g. , 18%  probability  of  having  50% 
more  returns  tl^n  the  expected  value  of  2 and  an  8%  probability  of  having 
100%  more  retnij^s  , than  the  expected  value  of  2;  15%  probability  of  having 
25%  more  returifa  than  the  expected  value  of  4 and  a 10%  probability  of 
having  50%  more  returns  than  the  expected  value  of  4;  and  only  a 4%  pro> 
bability  of  having  1%,  2%,  or  3%  more  returns  than  the  expected  value  of  100. 


Using  this  expected  value  of  4 returns  per  day,  and  assuming  a Poisson 
distribution  as  displayed  in  figure  #5,  a representative  10  day  period  would 
look  aa  follows;  2 days  with  5 returns,  one  day  with  6 returns,  every 
alternating  10-day  period  year  would  expect  one  day  with  7 returns,  and 
the  other  6 days  would  have  4 returns  or  less/day. 


It  is  obvious  from  the  above  examples  that  manning  requirements  could 
have  a critical  impact  on  the  TAT  requirement  of  15  days.  The  question  is, 
which  level  of  return  rate  should  you  use  in  determining  the  number  of  men 
(servers)  to  allocate  to  the  repair  of  returned  items. 
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FIGURE  NUMBER  4 
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Assume  the  arrival  distrihution  of  returned  items  is  Poisson  with  a mean 
rate  of  X returns  per  day,  and  the  service  time  distribution  is  exponential 
with  a mean  rate  of  repairs  per  day.  The  depot  repair  facility  must 
be  able  to  accomplish  repairs  at  least  as  fast  as  the  expected  arrival 
rate  X This  is  expressed  as  follows: 


where:  s is  the  number  of  service  channels  (#  of  servers) 
and  p must  be  less  than  one  (unity) ^ 

The  que  length,  and  waiting  times,  which  impact  the  TAT,  are  dependent 
on  p:  if  p is  allowed  to  exceed  . 9 the  que  length  would  approach  infinity. 

If  we  decrease  the  value  of  p by  adding  additional  servers  (increasing  the 
value  of  s),  the  % of  idle  time  (1  - p)  of  the  server  will  increase,  however, 
the  mean  TAT  will  decrease  due  to  the  decrease  in  the  waiting  time. 

• 

The  problem  is  to  assure  that  the  value  o£  p remains  less  than  . 9 and  since 
ft  and  X are  fixed,  the  problem  reduces  to  determining  what  the  optimum 
level  of  service  for  the  queueing  system  should  be  (determine  values).  The 
following  graph  indicates  the  relationship  of  cost  of  service  per  arrival 
and  the  level  of  service  (increased  cost  for  a larger  # of  servers). 
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coat  of 
aarvice 
per  arrival 


level  of  aervice 


The  more  aervera  the  amaller  your  TAT-  aa  diaplayed  in  the  following  graph: 


TAT 

level  of  aervice 

It  is  obvioua  that  to  decreaae  your  TAT  you  must  decrease  your  waiting 
time  which  requires  an  increase  in  your  service  rate  (increase  in  the  level 
of  service),  which  in  turn  will  cause  an  increase  in  the  cost  of  service  per 
arrival.  The  most  obvious  solution  is  to  minimize  the  service  cost,  but  on 
the  other  hand,  an  excessive  waiting  time  will  result  in  a large  TAT  which 
will  cost  money  in  terms  of  the  warranty  penalty.  Therefore,  the  optimum 
solution  is' to  select  the  point  on  the  following  curve  which  will  determine  the 
level  of  service  which  minimizes  the  tot^I  of  the  expected  cost  of  service 
and  the  expected  cost  of  exceeding  the  TAT  which  is  caused  by  waiting  for 
the  service. 


Cost 


TAr 


The  above  analytical  process  is  over  simplified  to  provide  a 
standing  of  the  problem,  the  actual  support  system  requires 
of  other  variables  in  the  detailed  analysis.  There  are  many 
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and  analytical  processes  that  should  be  investigated  and  the  specific 
support  process  may  require  development  of  a unique  determination  or 
simulation  model.  Autonetics  currently  has  a queing  model  which  will 
calculate:  1)  the  number  of  servers  required  to  reduce  the  utilization 
rate  to  below  90%  and  2)  the  expected  que  length,  3)  expected  weighting 


time. 


' The  following  is  a summary  of  the  queing  analysis  and  related  algorithms: 
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Unused  Warranty  Reimbwement 
The  contract  allows  for  the  contractor  to  return  dollars  to  the  customer 
for  unused  portions  of  the  remaining  warranty  for  each  set/unit  that  is 
danutged  to  the  extent  it  cannot  be  repaired.  The  decrease  is  a function  j 

of  the  number  of  remaining  days  of  the  warranty  and  dollar  values 
allocated  to  each  major  component,  ^e  derivation  of  the  dollar  values 
was  not  provided, however,  it  was  assumed  that  it  related  to  the  original 
amount  of  dollars  bid  for  the  total  warranty  period  and  some  type  of 

l 

allocation  to  each  tmit  by  warranty  day. 

If  there  is  a reduction  in  the  number  of  operational  aircraft,  there  would 
be  a reduction  in  the  number  of  units  accumulating  operating  hours  which  i 

would  result  in  a reduction  in  the  number  of  repairs.  If  the  reduction  of  units 
involves  an  operational  aircraft  and  the  remainder  of  the  operating  units 
do  not  absorb  the  lost  operating  time  due  to  the  non-operating  vehicles, 

I 

the  adjustment  for  the  unused  portion  of  the  warranty  is  logical;  however,  i 

if  the  same  number  of  vehicles  are  operating,  i.  e. , only  one 

spare  was  damaged,  the  resources  and  dollars  required  to  maintain 

the  warranty  will  not  be  affected.  The  only  result 

would  be  a lower  probability  of  spare  suffic^ncy  for  which  the  con- 

tractor  should  not  be  penalized.  If  a spare  was  lost  at  the 

start  of  period  1,  it  would  cause  a $1,440  reduction;  for  10  units  the 

cost  would  be  $14,400. 
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If  the  damaged  unit  was  one  of  the  500  operating  units  (aircraft)  the 
result  would  be  a decrease  in  operating  hours  for  one  operating 
system,  or  a reduction  of  7 repairs  over  a 4 year  period.  Seven 
less  repairs  at  $200/repair  would  be  close  to  the  $1,  440  reduction 
in  warranty  which  is  &e  value  arrived  at  using  the  RIW  formula. 

If  one  operational  unit  is  lost,  as  described  above,  and  the  remain- 
ing  499  units  absorb  the  lost  operating  time,  the  contractor  would 
receive  an  increase  in  warranty  fee  of  approximately  $1,  500  due 
to  the  adjustment  for  an  increase  in  average  operating  time  (AOT) 
reference  Item  DC.  The  number  of  warranty  repairs  will  be  un- 
changed, however,  the  $1,500  savings  will  offset  the  $1,440  penalty 
which  was  due  to  the  decrease  in  warranty  time  period.  The  $1,  500 
savings  will  not  be  accrued  if  the  lost  or  damaged  item  (unit)  was  a 
spare;  however,  the  contractor  still  suffers  a $1,440  reduction  in  the 
maintenance  contract,  and  the  actual  number  of  repairs  and  related 
costs  still  remain  unchanged  because  the  operating  time  has  not  been 
reduced. 


Average  Operating  Tima  Adimtment 

The  equation  used  to  calculate  the  operating  time  adjustment  is  mathe* 
matically  incorrect  due  to  improper  placement  of  parenthesis  (probably 
due  to  a typing  error).  It  should  be  stated  as  follows: 


It  is  now  stated  as: 


.50  ^ .95 

stated  as: 

.50  ^ .95 


X T, 


Tgg  is  the  predicted  operating  time  which  was  used  to  bid  the  original 
warranty  cost,  and  is  the  estimation  of  the  actual  or  experienced 

operating  time  during  the  warranty  period.  The  calculation  of  T68 
is  simple,  accurate  and  equates  mathematically  to  the  calculation  of 
Teti!  however,  the  calculation  of  Te<pj  includes  the  number  of  in> 
stalled  days  which,  by  the  recording  process,  includes  shipping  time. 
The  result  of  including  the  shipping  time  is  that  the  T^.^^ calculation 
will  be  less  than  the  predicted  (Tgg)  value  even  if  the  predicted  68 
OH'S /month  are  actually  achieved  (experienced).  For  a 68  hour  aver- 
ag|e  operating  time  and  500  aircraft  installed  units,  the  Te>pj  should 
equal  Tgg  which  is  calculated  to  be  358,  000  hours.  However,  with  a 
ten  day  shipping  time  included  in  the  achieved  T^'yI  calculation,  the 
Teti  value  will  be  14,450  hours  less  than  the  Tgg  value  of  358,000 
hours.  This  results  in  a $6,863  yearly  penalty  for  a.ten  day  average 
shipping  time,  wi&  eich  delta  day  increase  in  the  average  shipping 
time  costing  approximately  $600  each  year  or  $3,  000  over  5 years. 


r 


A«  displayed  on  Figure  #6,  the  shipping  time  is  not  as  critical,  in 
terms  of  risk,  as  is  the  average  Turnaround  Time  (TAT).  Therefore 
it  is  not  as  important  in  terms  of  administrative  control  but  is  important 
in  terms  of  assuring  that  this  cost  is  considered  in  the  original  warranty 
contract. 
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Figure-NA  7 


deacribes  the  cost  penalty  for  not  achieving  the  MTBF 
requirement  in  terms  of  an  increase  in  the  number  of  consignment 
spares.  The  calculation  of  &is  spares  quantity  is  a function  of  percent 
difference  between  the  measured  and  guaranteed  MTBF.  The  curve  in- 
dicates that  as  the  measured  MTBF  (M)  approaches  the  guaranteed  MTBF 
(G),  the  consignment  spares  quantity  approaches  aero.  Conversely  the 
greater  the  difference  between  the  measured  and  guaranteed  MTBF  be- 
comes, a corresponding  or  larger  number  of  consignment  spares  are  to 
be  committed  by  the  contractor  at  no  additional  cost  to  the  buyer.  This 
cost  penalty  and  the  turnaround  penalty,  which  was  previously  discussed 
are  the  two  critical  (high  risk)  areas  of  the  warranty  contract.  The  con- 
signment spares  calculation  is  considered  sensitive  because  of  the  large 
cost  penalties  accrued  for  small  percentage  changes  in  MTBF;  in  addition 
the  problem  is  compounded  by  the  sensitivity  of  the  measured  MTBF  to 
a small  sample  size  and  the  high  probability  of  error  associated  with 
the  calculation  of  the  measured  MTBF.  The  calculation  of  the  number 
of  additional  consignment,  spares  can  vary  considerably  if  the  upper  or 
lower  confidence  band  is  used  instead  of  the  expected  time  between 
failures  which  was  based  on  a small  sample.  As  an  example  the  lower 
confidence  band  for  the  actual  measured  MTBF  may  be  less  than  the 
guaranteed  requirement  thereby  requiring  some  quantity  of  consignment 
spares;  however,  the  upper  band  may  exceed  the  guarantee  and  thereby 
not  require  any  consignment  spares.  This  probability  of  error  (risk) 
needs  to  be  negotiated  in  advance  and/or  agreement  made  to  adjustments 
for  consideration  of  the  errors  associated  with  small  sample  sizes. 

Too  often  the  customer  (DoD)  is  only  concerned  with  consumer  or  customer 
risk  (statisticians  refer  to  this  as  "Type  I"  error)  at  the  expense  of  pro- 
ducer or  contractor  risk  (referred  to  as  "Type  II"' error). 
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Alao  there  is  an  inconcistency  in  applying  the  warranty  formulae  for  increas- 
ing or  decreasing  the  number  of  consignment  spares.  As  an  example,  for 
the  contractor's  first  6 month  period  the  calculated  MTBF  was  less  than  the 
requirement,  however,  the  second  6 month  calculation  of  MTBF  showed  an 
■ improvement  and  the  contractor  achieved  the  MTBF  requirement.  Under 
this  condition  the  MTBF  ratio  (A)  would  be  negative  because  the  value  of  M 
is  greater  than  G;  therefore,  the  formulae  is  not  valid  and  theoretically  the 
contractor  would  not  receive  a return  of  consignment  units.  A statement  is 
required  that  states  "all  consignment  spares  will  be  returned  to  the  contractor 
if  the  value  of  A is  negative";  which  occurs  whenever  the  contractor  is  meet- 
ing or  exceeding  the  MTBF  requirement. 

The  calculation  of  the  number  of  consignment  spares  is  based  on  a specified 
percentage  (P)  of  the  average  number  of  installed  sets  over  a six-month 
period.  The  derivations  of  the  values  of  "P"  were  not  provided.  It  is  assmned 
that  the  value  of  P is  based  on  a set  probsbility  of  sufficiency  using  the 
Poisson  distribution,  which  is  sensitive  to  changes  to  pipeline  (TAT)  time 
and  the  MTBF.  Therefore  the  initial  lay-ins  of  spares,  should  be  based  on 
the  MTBF  requirement  (G)  and  n^,  the  delta  increase  or  decrees  in  the 
quantity  of  spares  required  to  maintain  the  same  probability  of  sufficiency, 
should  be  based  on  the  measured  MTBF  (M).  For  comparison  eht  following 
assumptions  were  made,  and  the  values  of  n were  calculated  using  the  speci- 
fic values  of  P as  required  by  the  warranty  and  the  Poisson  probability  of 
sufficiency: 


103. 


1)  The  MTBF  allocation  is  as  follows: 


Percent 

MTBF 

A 

LRD  #1 

80% 

625 

.0016 

LRU  #2 

16% 

3,  125 

.00032 

LRU  #3 

2% 

25,000 

. 00004 

LRU  »4 

2% 

25,000 

. 00004 

These  MTBF's  were  allocated  in  proportion  to  the  percentage  used  in 
determining  unused  portion  of  the  warranty  Part  IV  paragraph  2. 

2)  N is  set  at  500  operating  units  (operational  aircraft). 

3)  Average  operating  time /month  for  each  unit  is  68  hours  (Ref  Part  IV, 
para  6). 

4)  15  day  turnaround  is  achievable  plus  10  days  for  shipping. 

5)  Use  period  1(22  - 33  MAC) which  has  an  MTBF  requirement  of  500  hours 
(Ref  Part  V paragraph  number  1) . 

6)  Probability  of  sufficiency  is  set  at  99%. 
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The  target  spares  for  the  LRU  #1  based  on  the  warranty  formulae,  would 
be  77.  i\pplying  a 1.3  K factor  for  re- test  OK's  and  using  the  probability 
of  sufficiency  technique,  the  reconnended  spares  quantity  also  equals  77. 

If  the  MTBF  requirement  (G)  is  62S  hrs..  and  the  contra  -or  demonstrates 
a 500  hr.  MIBF  (M  ■ 500  hours)  then  the  number  of  additional  consignment 
spares,  using  the  warrant  formulae,  is  calculated  to  be  19  units.  Using 
the  probability  of  sufficiency  calculation  the  number  of  additional  re- 
coianended  spares  would  be  16  units.  Using  the  19  units  and  a $10,000  per 
unit  cost,  the  MTBF  cost  penalty  would  result  in  over  190,000  dollars. 
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XI.  Warranty  Data  Requirements 


The  following  list  of  data  requirements  are  included  in  this  report  only 
to  emphasize  the  level  of  effort  that  is  involved  with  providing  this 
amount  of  data: 


Contractor  Records  of  returned  units 


3)  Condition  (inspection) 


4)  Failure  mode  ♦ 


5)  Probable  cause  * 


6)  Action  taken  for  repair  * 

7)  Manhours  by  labor  category 


9)  Test  results 


Listing  of  units  in  Secure  Storage 


Unit  Repair  Cycle  Time  Report  consisting  of  the  following  dates 

1)  Shipment  to  Gov.  activity 

2)  Installation  in  aircraft 


3)  Removal  from  aircraft 


4)  Shipment  to  Contractor 
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XI.  Continued 

D.  Reliability  Report 

1)  MTBF 

2)  Analysis  of  modes,  trends,  cost  patterns 

3)  Corrective  action 

4)  Effects  of  varying  field  environment 

?i 

E.  Warramty  Population  Report 

Amount  of  warranty  remaining  for  each  unit. 

F.  Contract  Price  Adjustment  Report 

1)  % of  returns  with  unverified  non  conformance  * 

2)  Average  Turnaround  Time  * 

3)  Operating  time  measurement  * 

4)  # lost  units 

5)  Unit  MTBF's 

G.  Annual  Warranty  Effectiveness  Report 

H.  • Data  Collection,  Analysis,  and  Reporting  Plan. 

* All  of  the  above  data  requires  a sophisticated  data 
management  system,  in  addition,  the  asterisked  items 
require  analysis  to  be  performed  in  order  to  produce 
the  report. 


UNVERIFIED  FAIUURES 


UNVERIFIED  FAILURES 


UP  TD  5 YRS  FOR  ORIGIfWL  COWIRflCT 


SHIPftNT  & PACKAGING 


COST  ALLIXATED  TO  EACH  UNIT 


COffTFACTDR  RECORDS  OF  RETURNED  UNITS 


DATA  COLLECTION  ANALYSIS  & REPORTING  PLAN 


TAT  HIGH  RISKS 


Jim  Taylor  la  employed  by  Honeywell  Aerospace  Division  where  his 
principal  concerns  are  related  to  contract  documentation  requirements. 

He  has  been  an  active  member  of  the  LCC  Working  Group  of  the  JSDE/ZS 
since  its  inception  and  has  held  various  district  and  reglonstl  offices 
in  the  Society  of  Logistics  Engineers. 
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One  of  the  major  objectives  of  the  Life  Cycle  Cost  Task  Group 
of  the  Joint  Services  Data  Exchange  for  Inertial  Systems  Is 
to  develop  sufficient  historical  cost/time  standards  data  to 
permit  use  of  standard  values  as  an  alternative  In  the  per- 
formance of  LCC  Studies  when  standards  are  not  provided  by  the 
procuring  activity.  The  model  provides  a means  whereby  these 
standard  or  constants  can  be  overriden  by  the  user,  the  override 
feature  can  be  used  In  special  cases  where  It  Is  known  that 
actual  costs  would  be  significantly  higher  (or  lower)  than  those 
provided  In  the  model.  Perhaps  more  Importantly,  the  override 
feature  can  be  used  to  test  the  sensitivity  of  the  costs  of  a 
particular  system  to  wide  variation  In  these  "standard  costs". 

The  model  1s  structured  In  three  major  categories;  the  RDT&E 
phase,  the  Acquisition  phase,  and  the  Operations  and  Maintenance 
phase  as  shown  In  Viewgraph  #2.  When  deemed  appropriate,  the 
descriptions  of  equations  are  provided  to  the  extent  necessary 
only  to  Identify  areas  where  cost/time  standards  may  be  used. 

For  precise  definitions  of  each  of  the  terms  the  user  Is 
urged  to  read  the  equations  and  their  description  In  the  Users 
Manual  so  that.  In  making  his  estimates,  he  does  not  overlook 
factors  which  should  be  Included. 


The  next  Viewgraph  shows  the  RDT&E  Technical  Data  equation, 
the  elements  underlined  Indicate  where  standard  data  may 
be  used. 


RDTtE  SUB  MODEL 


The  summary  equation  for  RDT&E  costs  Is: 

R » CS  ♦ DE  + TSR  + TDR  + SWR  + TNR  » ECP  + RPM 
TSR  - TSH  + TSS  + TSER 
TNR  - TNER  ♦ TNP 
RPH  - RPMC  * RPMG 


Where: 


R 

CS 

DE 

TSR 

TDR 

.SWR 

TNR 

ECP 

RPM  « 

TSH 

TSS 

TSER 

TNER 

TNP 

RPMC 

RPMG 


Total  Cost  of  RDT&E 
Cost  of  Conceptual  Studies 
Design  of  Engineering  Cost 
Cost  of  Testing 

Cost  of  Technical  Publications  During  RDTSE 
Software  Cost 

Cost  of  Tralninq  During  RDT&E 

Cost  of  Engineering  Change  Proposal 

Program  Management  Cost 

Cost  of  Test  Hardware 

Cost  of  Test  Spares 

Cost  of  Test  AGE/GSE/TE 

Cost  of  Training  Devices 

Personnel  Cost  Associated  with  Training 
During  RDT&E 

Contractor  Program  Management  Cost  per 
month  X number  of  months 

Government  Program  Management  Cost  per 
month  X number  of  months 
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« « I 

*■ 

THE  COST  OF  TECHNICAL  PUBLICATIONS  DURING  DEVELOPMENT 

It  Is  assumed  that  the  engineering  effort  required  for 
technical  publications  has  occurred  prior  to  this  point  and 
that  these  costs  are  related  only  to  an  average  per  page 
cost  of  writing  and  editing  mliltlplled  by  the  number  of  pages 
(Including  drawings)  In  the  documentation.  It  should  be 
apparent  that  the  number  of  pages  will  be  some  function  of 
complexity  of  the  equipment.  Consideration  should  be  given 
to  the  fact  that  Technical  Orders/Manual  procured  during  the 
RDT&E  Phase  are  usually  engineering  oriented  and  as  such  are 
usually  much  less  complex  than  "Specification  Type"  manuals. 

Drawings  may  or  may  not  be  specification  drawings.  Thus, 
the  specified  requirement  for  drawings  should  be  closely 
checked  prior  to  using  any  standard. 
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RDT&E  TECHNICAL  DATA 


TDR  = (CTDO  (TOP)  + (CD)  (TOD) 

WHERE: 

TDR  » Cost  of  Technical  Publications  During 
Development 

CTD  a Average  Cost  per  Page  of  Tech  Data 

TOP  » Number  of  Technical  Data  Pages 

CO = Average  Cost  pe*~  Page  of  Drawings 

TDD  » Number  of  Pages  of  Drawings 

Recommended  Cost  Standards: 


RDT&E  Type  Technical  Manuals 
CDRL  (DD  Form  1423)  Type  Data 


1 60/page 
120/page 


PERSONNEL  TRAINING  COSTS 


This  equation  covers  the  costs  of  both  Instructors  and 
trainees  during  the  training  period.  Instructor  costs 
are  assumed  to  be  fixed  regardless  of  the  amount  of  actual 
Instruction  provided. 


The  next  two  Viewgraphs  show  where  cost  standards/constants 


RDTSE  TRAINING  COST  STANDARDS 


MCM  » Manpower  Cost  Per  month  (Instructors)  a cost 

standard  of  $200  per  classroom  training  hour  Is 
recommended.  Includes  training  prep  time,  handouts, 
course  outlines,  etc. 

MHG  = Personnel  Cost  Per  Training  Hour.  Recommend  that 

same  labor  rates  be  used  that  apply  to  the  technicians 
attending,  I.e.,  $15/org.,  $15/Int.,  and  $30/Depot 
(Cost  per  hour). 

Should  Include  per  diem  and  transportation  cost  per 
student. 


ACQUISITION  COSTS 


The  acquisition  cost  category  of  the  model  Is  Intended  to 
define  the  Initial  Investment  costs  to  the  user.  Care 
must  be  exercised  In  applying  the  equations  and  assigning 
values  to  the  various  cost  elements  to  be  certain  that  costs 
are  not  duplicated  In  the  RDT&E  or  O&M  sections. 

The  costs  computed  In  this  phase  are  Intended  to  be  the  cost 
of  procuring  the  system  being  analyzed,  plus  the  cost  of 
those  Items  (spares,  support  equipment,  documentation,  etc.), 
necessary  for  the  user  to  make  the  system  operational.  The 
sum  of  all  of  these  Investment  costs  defines  the  total 
acquisition  or  Investment  costs,  as  defined  In  the  following 
Viewgraph.  The  underlined  elements  of  the  equation  Indicate 
the  areas  where  cust/time  standards  may  be  used. 


ACQUISITION  COST  EQUATION 

A » TTEA  + SRAC  + CINST  + CSU  + TSEA  + TDA  + SPHA  + TNA 
CFE  + FACA  + IMA  » RIM* 

WHERE: 


A 

Total  Acquisition  Costs 

TTEA 

= 

Production  Tooling  and  Test  Equipment  Costs 

SRAC 

= 

System  Recurring  Acquisition  Costs 

CINST 

= 

Equipment  Installation  Costs 

CSU 

= 

Production  Program  Start-Up  Costs 

• TSEA 

= 

Support  Equipment  Acquisition  Costs 

(AGE,  GSE,  TEl 

TDA 

= 

Technical  Data  Costs 

TNEA 

= 

Training  Equipment  Costs 

SPHA 

= 

Spares  costs,  including  O&M  Parts  and 

Material 

TNA 

Initial  Training  Course  Costs 

CFE 

= 

Acquisition  Field  Engineering  Costs 

FACA 

= 

New  Facility  Costs 

IMA 

Initial  Item  Management  Costs 

*RIM 

— 

Recurring  Item  Management  Cost 

NOT  INCLUDED 

IN 

THE  MODEL  WHEN  THIS  PAPER  WAS  PREPARED  (will 

be  included 

at 

a later  date). 
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TECHNICAL  DATA  COSTS 


The  technical  data  costs  are  shown  in  the  next  Viewgraph. 

It  should  be  noted  that  specification  type  technical 
orders/manuals  will  be  procured  during  the  acquisition  phase. 
Thus  the  development  cost  per  page  will  be  higher. 

The  underlined  elements  will  be  discussed  In  detail . 

Reference  NTOD.  Note:  Non  Technical  order/manual  type  data  re 
quired  during  the  acquisition  phase  Is  always  listed  on  the 
Contract  Data  Requirements  List,  (CDRL  DD  Form  1423). 

Twenty  five  percent  (25%)  of  the  technical  order/manual 
cost  does  not  seem  to  be  a valid  assumption.  As  an  example 
a contract  might  specify  a manual  which  would  equate  to 
350  pages,  whereas  the  production  quantities  might  equate 
to  several  years  requiring  status  reports,  test  reports, 
etc.,  on  a monthly  basis  which  would  result  In  a cost  which 
would  far  exceed  the  manual  cost  or  visa  versa. 
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TECHNICAL  DATA  COSTS  EQUATION 


a.  Single  page  organization  - 
$160;  (TO) 

Printing  and  distribution  per 
page  per  1,000  copies  - $3.00 


$250 

$ 26  per 
1 ,000  pages 


* COST  STANDARD  IS  NOT  RECOMMENDED. 
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SPARES  COST 


The  next  Viewgraph  contains  the  basic/top  level  equation 
for  spares  cost  development.  We  detailed  equations  are 
contained  In  the  Users  Manual. 

Maintenance  turnaround  times  for  Fleld/Shore  Based/Ship- 
board Shop  and  Depot  are  discussed  for  both  CONUS  and 


overseas. 


SPARES  COST  EQUATION  (SPHA) 


SPHA  = SLRU  + SSRU  + SCOND  + SPARTS 


WHERE: 

SLRU  » The  cost  of  spare  LRU's 

SSRU  =>  The  cost  of  spare  SRU's 

SCOND  » The  cost  of  spare  LRU's  and  SRU's 

that  are  discarded  (condemned)  upon 
failure. 

SPARTS  = The  cost  of  the  Initial  lay-in  of 
spare  M&O  parts  and  material. 


SPARES  STANDARDS 


• For  detailed  spares  equations  the  following  standards 
as  applicable  are  recommended; 

e Maintenance  turnaround  (pipeline)  t1me»  In  months: 

A.  Intermediate  Fleld/Shorebased/Shlpboard  Shop  - 


CONUS  4 OS  0.3  month  (AFSCM/AFLCM  800-4  .33  months) 


B.  Depot: 

CONUS  - Organic  Repair: 

- Platform  or  other  Major 
Assembly 

- Other  LRU's 

r Electronic  Nodules 

- Gyro  Assembly 

- Accelerometer 


2.0  Months 

1 .5  Months 

1.0  Months 

2.0  Months 

2.5  Months 


Contractor  Repair: 


- Platform  or  other  Major 


Assembly 

2.0 

Months 

- Other  LRU's 

1.5 

Months 

* - Electronic  Modules 

1.0 

Months 

- Gyro  Assembly 

2.0 

Months 

- Accelerometer 

2.0 

Months 

Overseas  - Organic  Repair 

- Platform  or  other  Major 

Assemblies 

3.0 

Months 

- Other  LRU's 

2.3 

Months 

- Electronic  Modules 

1.5 

Months 

- Gyro  Assembly 

3.0 

Months 

- Accelerometer 

3.5 

Months 

Contractor  Repair 


Platform  or  other  Major 


Assemblies 

3.0 

Months 

- Other  LRU's 

2.3 

Months 

- Electronic  Nodules 

1.5 

Months 

- Gyro  Assembly 

3.0 

Months 

- Accelerometer 

3.0 

Months 
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INITIAL  TRAINING  COST 


TNA 

TNA 


* Ini  Initial  Training  Course  Costs 


2 

k»l 


TNA. 


WHERE: 


and : 


TNA,^  » Training  costs  for  the  Initial  training 
^ of  personnel  at  the  kth  level  of  main- 
tenance. 


k a 1 » Organizational  Level 
k * 2 » Intermediate  Level 
k a 3 « Depot  Level 


TNA. 


[(ICL^)  (LRIk)  (NI^)]  + 

[(NSk)  (LRSv)  (ICL,^)  (NCk)j  + CP,^  + CM, 


.th 


where,  for  the  k"*"  level  of  maintenance: 

ICL|(  - Initial  course  length 
LRI|(  = Instructor  labor  rate 
Nlj^  = Total  number  of  Instructors 
NS,^  = Number  of  students  per  course 


LPSi 


= Student  labor  rate 


NC|(  = Number  of  courses  to  be  given 

CP|<  = Course  preparation  cost 


CM, 


Course  material  cost 


NOTE:  Training  costs  computed  herein  are  the  Initial  training 

costs  only,  I.e.,  recurring  training  Is  not  Included. 
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INITIAL  TRAINING  COST  STANDARDS 


LRI  - INSTRUCTOR  LABOR  RATE 

Contractor  Instructor  >-  Estimate  provided  by 
Contractor  . 

Military  Instructor  --  Labor  Rate  $15  per  hour 
Civil  Service  Instructor  (Depot)  — Labor  Rate 
$30  per  hour. 

LRS  - STUDENT  LABOR  RATE* 

Organizational  Level  --  Labor  Rate  $15  per  hour 
Intermediate  Level  --  Labor  Rate  $15  per  hour 
Depot  Level  (Civil  Service)  --  Labor  Rate  $30  per 
hour 

* Same  as  maintenance  labor  rate  for  any  given  level 
attending  course. 

CP  *=  COURSE  PREPARATION  COST 

(Should  Include  Instructor  preparation  time  (LRI) 


NOTE: 


Per  Diem  and  Transportation  Cost  should  be  included 
for  students. 
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NEW  FACILITIES  COST 


The  cost  Item  will  be  a listing  of  new  facilities  required 
to  support  the  system  under  study  for  each  maintenance  level 
as  applicable,  the  quantity  per  maintenance  level,  the  total 
quantity  by  Item,  the  total  cost  per  Item  or  facility,  and 
the  grand  total  cost  for  new  facilities. 

The  cost  standard  recommended  for  new  facilities  Is  $75.00 
per  square  foot  for  the  total  space  standard  shop  space  re> 
quired  other  cost  standards  are  Included  In  the  next  Viewgraph. 


NEW  FACILITIES  COST 


FACA 


FACA 


New  Facilities  Cost 


n 

z 

1=1 


[ 


(CFACAf)  (QFACA 


WHERE: 


CFACAj  » The  cost  of  the  1^^  new  facility. 

QFACA^  » The  quantity  of  the  1^^  new  facility 


COST  STANDARDS  FOR  NEW  FACILITIES  - 


INITIAL 

MAINT.  COST  YR. 

Standard  Shop  Space 

$75/sq.ft. 

8/sq.ft./yr. 

Clean  Room  Space 

|300/sq.ft. 

15/sq.ft./yr. 

Special  Features 
(Transformer , Tesmic 
Stand  Screen  Room,  400Hz 
Generator,  Uninteruptable 
Power  Source,  etc.) 

$2400/each 

$100/year 

Training  Facility  (classroom) 

100/sq.ft. 

lO/sq.ft./yr. 
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INVENTORY  MANAGEMENT 


WHERE: 


Initial  Item  Management  Costs 
IMCA  (NPTA  + NATA) 


IMCA  “ The  cost  to  Introduce  a new  part 
type  or  new  assembly  type  Into 
the  government  Inventory. 

NPTA  = The  number  of  new  part  types  to 
be  Introduced  Into  Inventory. 

STANDARDS  RECOMMENDED; 

• Supply  Management  Cost  New  Part  $500/1tem 

e Supply  Management  Cost  New  FSN  Assy  $1200/1tem 

e Annual  Supply  Admin.  Cost  FSN  Part  $ 350/1 tem/year 

e Annual  Supply  Admin.  Cost  FSN  Assy  $ 750/1 tem/year 

The  recurring  costs  for  inventory  management  Is  not  Included 
In  the  model,  but  will  be  Included  at  a later  date. 


OPERATION  AND  MAINTENANCE 


The  operations  and  maintenance  (O&M)  phase  of  the  model 
Is  discussed  In  the  next  group  of  Viewgraphs.  The  total 
O&M  cost  Is  the  summation  of  costs  Incurred  at  three  levels 
of  maintenance:  Organization,  Intermediate  and  Depot.  It 

Is  assumed  that  there  are  only  the  three  levels  of  main- 
tenance, I.e.,  If  two  or  more  non-related  activities  per- 
form the  same  maintenance  function,  the  total  cost  for 
maintenance  would  be  a weighted  average. 

Many  of  the  O&M  equations  Include  a "k”  factor.  The  "k" 
refers  to  a particular  maintenance  level  being  evaluated, 
I.e.,  k - 1 denotes  the  organizational  level,  k » 2 the 
Intermediate  level,  and  k « 3 the  depot  maintenance  level. 

If  an  O&M  function  does  not  occur  at  a particular  level,  the 
equatlon(s)  for  that  function  should  be  "zeroed"  out  using 
the  "override"  procedures  provided  by  the  model. 
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OtM  SUBMODEL 

The  summary  equation  for  04M  cost  Is: 


3 

• 

n 

OM  = ^ 

£ OMkt 

k*l 

t«l 

WHERE:  OM 

Total  Operation  and  Maintenance  Cost 

OMkt  = 

Operation  and  Maintenance  Cost  at  k^^ 

• 

Level  of  Maintenance  In  Year  t. 

k = 1 

Organization  Level 

k = 2 

Intermediate  Level 

k = 3 

Depot  Level 
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O&M  SUMMARY  EQUATION 


The  summsiry  equation  for  O&M  costs  at  the  level  6t 
maintenance  in  year  t is: 


Where: 


NRS, 

k 

^hti 

°“kti 

°hrti 

°\u 

\ti 

“Sti 


* Number  of  Stations  at  the  kth  level  of  maintenauice(level)" 

« Warranty  Cost  in  t^^  Year  for  i^  Item  at  k = 3 level 

= Direct  Labor  Cost  in  t^^  Year  for  i*^  Item  at  k^^  level  '' 

- Direct  Material  Cost  in  t^^  Year  for  i^^  Item 
at  k*^  level 

® Overhead  Labor  Cost  m t*^  Year  for  Item 
at  level  ' ~ 

« .General  Administrative  Cost  in  t^^  Year  for  i^^  Item 
at  k'^^  level 

* Transportation  Cost  in  t^^  Year  for  i^^  Item  . 

'*  at  k = 2.  3 level 

» Replenishment  Spares  in  r"  Year  for  i^  Item 
at  k - 2.  3 level 


k » 1 • Organization  Level 

k * 2 « Intermediate  Level 

k *=  3 « Depot  Level 


145. 


DIRECT  LABOR  RATE  STANDARDS 


DL  = DIRECT 

LABOR  1 

COST 

DL|(ti  = 12(TRKRkti)  j^(RT0K|^^) 

(PLVk)  (MTTRki) 

+ 

(1-RTOKkO  (MTTRk^) 

(DLR) 

WHERE:  DL|(^^ 

S 

Direct  Labor  Cost  in  t^^  Year  for 
i^^  Item  at  the  k^*’  ML 

RTKRkti 

s 

Number  of  Returns  per  Month  to  the 
k^^  ML  in  the  t^^  Year  for  i^^  Item 

RTOKkt 

s 

Retest  OK  Rate  at  k = 2,  3 ML  for 
i Item 

• PLVk 

= 

Percent  Labor  Verification  at  k^^  ML 

MTTRki 

= 

Mean  Time  "^o  Repair  at  the  k^^  ML 

DLRk 

= 

Direct  Labor  Rate  at  the  k^^  ML 

MAINTENANCE  LEVELS  (ML) 

k = 1 
k = 2 
k = 3 

= Organization 
= Intermediate 
= Depot 

The  recommended  direct  labor  rate  standards  are  as  follows 


Organizational  Level 
Intermediate  Level  - 
Depot  Level  


$1  5/hour 
$15/hour 
$30/hour 
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TRANSPORTATION  COST  EQUATION 
T = TRANSPORTATION  COST 

T^t^  - (12)  (RTKRj^t^)  (NRTS)  [pOI)  (SCO)  (W^  + (1-POI) 

(SCO  (W^)  ] 

■ . Transportation  Cost  at  ML  in  t^^  Year 
for  i^^  Item 

« Number  of  Returns  per  Month  to  the 
ML  in  t^^  Year  for  i^*'  Item 

» Not  Repairable  Rate  at  k^^*  ML  for  i^*’ 

Item 

Percent  Overseas  Maintenance  Stations 
Shipping  Cost  Overseas 
Shipping  Cost  CONUS 

Weight  of  i Item 


MAINTENANCE  LEVELS  (ML) 

k s 1 s Organization 

k « 2 » Intermediate 

k » 3 « Depot 

NOTE:  Organizational  maintenance  level  does  not  incur 

transporta ti on  costs  normally. 


WHERE:  T,^^^ 

RTKR|(f 

NRTSki 

POM  = 
SCO  = 

. see  » 

Wi  - 
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TRANSPORTATION  COST  STANDARDS 


AFSCM/AFSCN  800-4 


RECOMMENDED 


Standard  Preparation  for 
Shipping  Labor-Wage  Rate; 

a.  CONUS 

b.  OS 


$.1868 

$.2331 


$1.25/pound(sh1p  wt 
$1 . 50/pound(sh1p  wt 


Standard  Preparation  for 
Shipping  Material  Rate: 

a.  CONUS 

b.  OS 


Ratio  of  Packaged  Item 
Weight  to  Unpackaged 
Item  Weight: 

a.  CONUS 

b.  OS 


$.0497 

$.0620 


1.285 

2.436 


$2.00/pound(sh1p  wt 
$3.00/pound(sh1p  wt 


Standard  Shipping  Rates 
(One  Way) ; 

a.  CONUS  base  to  SRA  or 
vice  versa 

(1)  Via  Air 

(2)  Via  Surface 

b.  OS  base  to  SRA  or 
vice  versa 

(1)  Via  Air 

(2)  Via  Surface 


$. 0895/lb. 
$. 0294/lb. 


$. 3309/lb. 
$. 0759/lb. 


$1. 00/lb 
$ .50/lb 


$2. 00/lb 
$1. 00/lb 
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JOINT  SERVICE  DATA  EXCHANGE  LCC  CONSTANTS 


NOT  IDENTIFIED  IN  O&M  ALGORITHMS 


In  summary.  It  Is  recommended  that  these  constants/standards 
be  delivered  to  the  appropriate  government  authorities  for 
revlew/publlcatlon;  for  use  as  alternative  standards  In  the 
performance  of  LCC  Studies.  . 


John  Willett  Is  Naval  Air  Systems  Cozmaand  Reizresentative,  Pacific 
where  his  princii>al  concerns  are  related  to  the  costs  of  maintenance 
of  aircraft  engines* 

He  is  a foxmer  Navy  officer  with  many  years  experience  in  aircraft 
maintenance* 


THE  ASHRA  PROGRAM 

Presented  by 

John  A.  Willett 

NAVAL  AIR  SYSTEMS  COMMAND 
REPRESENTATIVE,  PACIFIC 


The  ASMRA  Progreun  (Adjustment  of  Scheduled  Italntenance 
Requirements  Through  TUialysis) , was  developed  by* the 
Naval  Aviation  Integrated  Logistic  Support  Center, 
Patuxent  River,  Maryland  undet  the *directioh  of  the 
Naval  Air  Systems  Command  Headquarters,  Washington  D.C. 

The  ASMRA  Program  today  is  made  up  of  four  major  seg- 
ments 

1200  Computer  Analysis  Programs 

I Procedures/Documentation 

•Central  Data  Base 

•Computer  Telecommunication  Network 

The  ASMRA  programs  and  its  associated  netv/ork  was  ini- 
tially established  as  a tool  for  the  Navy's  Cognizant 
Field  Activities  (Naval  Air  Rework  Facilities)  main- 
tenance -engineers  for  use  in  the  reestablishment  of 
aircraft  maintenance  requirements.  Basically  changing 
from  a calendar  maintenance  system  to  a phase  flight 
hour  maintenance  system. 

Currently  the  ASMRA  program  is  a key  tool  in  the  further 
conversion  to  a reliability .based  maintenance  system 
under  the  Analytical  Maintenance  Program.  This  program 
is  using  the  Air  Line  Transport  Association  logic 
decision  procedures  to  justify  every  scheduled  mainten- 
ance requirement  at  the  three  levels  of  maintenance , 
Organizational,  Intermediate  and  Depot.  In  addition, 
the  ASMRA  network  is  being  used  to  store  and  analyze 
historical  data  to  investigate  the  cause  of  fleet  air- 
craft, and  component  problems  affecting  aircraft  read- 
iness and  unacceptable  maintenance  workload.  Naval 
Air  Systems  Command  Headquarters  is  using  the  system 
to  determine  equipment  failure  and  removal  history, 
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maintenance  actions,  and  related  data  to 
tenance  parameters  for  the  new  aircraft. 

In  creating  the  data  file  specification, 
were  considered  to  be  essential: 

I Programs  must  measure  pareuneters  used 
problems . 

iRelate  specific  equipments  to  the  parameters  meas- 
ured for  that  equipment. 

(Allow  definition/identification  of  equipment  from 
type/model/system  to  manufacture  and  part  nvimber  levels. 

(Caped>le  of  easily  moving  the  focus  of  analysis  from 
level  to  level  i.e.,  system  level  to  subsystem  to  part 
number . 

The  central  data  base  as  it  exists  today  collects  and 
stores  data  from  maintenance  action  files,  technical 
directive  compliance,  removal  and  installation  files, 
equipment  statistical  data,  repairable  item  data  bank, 
the  Naval  Aviation  Safety  Center  file,  and  unsatis- 
factory material’  reports.  All  Navy  aircraft  are  con- 
tained within  the  file,  maintaining  a three  year  data 
file.  • 

The  computer  network  main  data  storage  and  processing 
is  located  in  San  Antonio,  Texas,  using  an  IBM  360/65. 
External  users  are  six  industrial  facilities.  Naval 
Air  Systems  Command,  two  Fleet  Commanders  and  the 
Training  Commands.  Input  data  is  received  from  fleet 
activities  by  the  Fleet  Maintenance  Support  Office 
Department,  which  processes  the  data  and  then  forwards 
it  to  San  Antonio.  Naval  Aviation  Integrated  Logistic 
Support  Center  is  charged  with  the  development  and 
substaining  maintenance  of  procedural  programs. 

The  10  major  report  programs  are  subdivided  into  over 
200  hundred  individual  programs,  ranging  from  flight 
data  to  maintenance  history  for  system,  sub-system, 
component  and  part  number. 

f 

Three  major  objectives  of  the  ASMRA  program  are  to 
identify  what  equipment  is  effecting  the  effective- 
ness of  the  Naval  Aviation  Maintenance  through; 


outline  main- 
the  following 
to  define 
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•Equipment  Conditional  Analysis 

•Schedule  Removal  Component 

•Frequency  of  maintenance  failure  data 

Additional  uses  are  many,  essentially  to  identify  and 
isolate  any  problem  area  which  impacts  safety,  main- 
tenance or  operational  availability. 

The  main  identifier  is  the  use  of  the  Work  Unit  Code, 
a seven  digit  ntunerical/alfa  code  assigned  to  every 
repairable  item  in  a system  or  sub-system. , 

Secondarily  to  the  above,  is  the  use  of  the  Job  Control 
Number  which  is  used  as  the  knot  in  tying  together  a 
specific  Work^Unit  Code  with  the  impact  parameters 
resulting  from  a maintenance  action. 

Use  of  selection  and  sort  procedures  have  been  devel- 
oped to  better  define  and  isolate  the  what,  how,  where, 
when,  and  why  equipment  causes  problems.  Selection 
and  sort  procedures  allow  the  engineer  to  select  almost 
any  parameter  required. 

In  summary  the  ASMRA 

Provides  the  engineer  with  a tool  to  assist  in  the 
isolation  and  identification  of  equipment  hindering 
the  effectiveness  of  Navy  airrraft. 

•Enhance  perspective  by  defining  the  magnitude  of 
fleet  problems  in  the  areas  of  safety,  availability 
and  maintenance  resources  expenditures. 

•Provides  ready  access  to  the  maintenance  history 
reported  by  the  fleet,  at  any  desired  level  or  area  of 
interest. 

•Provides  input  into  the  Life  Cycle  Cost  Program  or 
Cost  of  Ownership  as  the  case  maybe,  including  Failure 
Free  Warranty  Programs. 


TO  BETTER  DEFiNE  AND  ISOLATE 


4.  LIST  0?  ATTQiDEBS 


MAMS 

I 

I 

H 

PROBE 

n.lif*  Flohs 

563  MARF  BORIS 

(714)  437-6623 

G.J.  Raty 

362  BARF  BORIS 

(714)  437-6623 

C.  I).  Grin 

334  HARF  BORIS 

(714)  437-6686 

C.C.  Saith 

321  BARF  BORIS 

(714)  437-6462 

J.  A.  Willett 

331  BATAIRSTSCOMREPAC 

(714)  437-7049 

Freda  V.  Kurtz 

AFAL/RVA-3 

(513)  255-6843 

R.L.  Mudd 

•333  BASCHEPAC 

(714)  437-7026 

T.  Grawrock 

3311  BASCREPAC 

(714)  437-7049 

J.H.  Taylor 

HoneyvellfINc 

(813)  546-3474 

R.C*  Beech 

Vou^ht  Corp. 

(214)  266-2394 

V.H.  Coloord 

LSI 

(616)  241-8444 

KftJ  • GX1)80xi 

Rochwell  Int. 

(714)  632-3026 

W.Q.  Va^er 

Teledyne  CAE 

(419)  470-3041 

T.B*  Crosier 

AGMC  (XRX) 

Autovon  580-7801 

J.V.  Me  Cav 

323  BARF  BORIS 

(714)  437-6661 

Capt*  Dwight  Collins 

asb/acl,  WPAFB 

(513)  255-6836 

A1  Kuna 

Delco  Electronics 

(805)  961-5117 

Carl  GzuetsaMher 

Deloo  ElectTOnicfi 

(805)  961-5300 

John  Ciai^ela^rulo  ' 

. BCAS 

(714)  277-8900  rl654 

A1  Tasohner  « '•  . • 

BARF  334 

(714)  437-6686 

R.E.  ' 

: ' V'Rorthrop 

(213)  757-5181 

R.Bv  S‘taJ^fTer  ■ • 

i : J*'  & R Associates 

(603)  385-6883 

Billi^ai*  *"  *%  = 

534 

(714)  437-6686 

;^rt^ji^kvell  Int, 

(714)  637-3796 

.*<J 


